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INTRODUCTION 



PURPOSE OF THE STUDY 



Mortality induced by entrainment of fish eggs and larvae and 
impingement of juvenile and adult fishes may be the most 
important biological influence power-generating plants exert on 
nearshore fish populations. These impacts clearly overshadow 
thermal discharge effects. Entrainment could significantly 
affect local Lake Michigan fishes by reducing the reproductive 
potential of important forage or gamef ish populations. Because 
of this potential impact of the Donald C. Cook Nuclear Power 
Plant, we have intensively documented species, sizes, and numbers 
of fish larvae and eggs that were entrained at the plant from 
1975 to 1982. In this report we will attempt to identify, 
interpret, and predict the effects of fish larva and egg 
entrainment on southeastern Lake Michigan's nearshore fish 
populations. Data in this report will cover the period 1980- 
1982. See Bimber et al. (1984) for 1973-1979 data summaries. 

Schubel and Marcy (1978) defined two forms of entrainment - 
intake or pvmp entrainment and plume entrainment. Intake 
entrainment is the capture and inclusion of organisms, in our 
case fish eggs and larvae, into water used for condenser cooling. 
Plume entrainment is the attraction or mixing of adults and 
larvae from lake water near the discharge into the thermal plume. 
We did not sample plume-entrained eggs or larvae because of 
difficulties encountered in adequately and safely collecting 
organisms from this area. Effects of plume entrainment on adults 
are discussed in the adult and juvenile fish report prepared by 
the Great Lakes Research Division as part of the Cook Plant study 
(Tesar et al. 1985, Jude and Tesar 1985). In this report, 
entrainment, unless otherwise noted, will refer specifically to 
intake entrainment. 

To more clearly define the effects of entrainment on 
southeastern Lake Michigan's fish community, we must (in addition 
to docTjmenting species, sizes, and numbers entrained) relate 
those losses to the distribution, abundance, and life cycles of 
fishes near the Cook Plant and assess the associated effects on 
individual fish populations and community structure. The 
ultimate effect of entrainment losses will be dictated by the 
system's "resiliency", i.e., environmental stability, 
productivity, population compensation, and the ecological and 
economic importance of individual species. To attain these 
goals, we conducted field studies to identify the species, sizes, 
numbers, spatial distribution, and seasonal occurrence of adult 
fish, fish larvae, and eggs near the Cook Plant. 



Most fishes in our study areas have similar seasonal 
movement patterns, usually related to spawning activity. They 
move inshore for spawning in early spring or summer where they 
remain until moving into deeper water in fall. Salmon, trout, 
and coregonines differ from this basic pattern and are usually 
present in spring, fall, and during upwellings, Entrainment 
losses generally peak during and shortly following spawning and 
are sporadic thereafter. Mortality of eggs and larvae during 
entrainment is the result of a combination of mechanical, 
thermal, and chemical stresses. 

Field studies were used to identify the species, sizes, 
numbers, spatial distribution, and season of occurrence of fish 
larvae and eggs near the Cook Plant. We compared field and 
entrainment results to determine the amount of agreement between 
them, elucidate the biological causes for disagreement, and 
evaluate the adequacy of the two sampling programs. Lastly, we 
suggested how the location, design, and seasonal schedule of 
operation of water intakes on southeastern Lake Michigan could 
affect the rate of entrainment of eggs and larvae of inshore 
fishes. Our findings and interpretations are the subject of this 
report. 



STUDY AREA 

The Donald C. Cook Nuclear Power Plant occupies part of a 
263-ha site on the southeast shore of Lake Michigan that includes 
approximately 1,326 m of dunes shoreline. The plant is located 
about 3 km northeast of Bridgman, Michigan, in Lake Township, 
Berrien County (Fig. 1). 

With both reactors on line, the Cook Plant has a generating 
capacity of 2,200 megawatts of electricity. The plant utilizes a 
once-through cooling system capable of a maximum service water 
flow rate of 104 m^/s to dissipate an estimated heat rejection 
rate of 3.9 X 10* Kg-calorie/h (AEC 1973). Condenser design 
modifications account for differential flow rates for Unit 1 (45 
m^/s) and Unit 2 (59 m^/s). Temperature increases (A T) over 
ambient lake water temperatures are 12.1 C° (Unit 1) and 9.3 C° 
(Unit 2) at maximxjm generating capacity (AEC 1973). Decreased 
flow rates and slightly increased A Ts occur in winter when 
heated water is pumped back through the intake structures via one 
of the three intake pipes to reduce ice formation. 

Water for both condenser units is drawn from Lake Michigan 
through three intake structures 686 m offshore in 7.3 m of water 
(mean lake level - 176.5 m above sea level). Intake structures 
rest on a concrete and riprap base structure approximately 2 m 




Figure 1. Map of southeastern Lake Michigan, showing 
locations of the D.C. Cook Plant and our field fish 1, 
sampling stations. 



arvae 



above lake bottom. Intake openings, protected by a series of 
steel guard racks, are an additional 2.5 m above the base. 
Therefore, intake water is drawn from the 2- to 5-m strata of the 
water column. Three intake pipes with diameters of 4.9 m are 
buried in the lake bottom and covered by at least 0.6 m of sand 
(AEC 1973). Estimated water velocity at the intake grills (20 X 
20-cm openings) is approximately 0.4 m/s during normal conditions 
and 0.6 m/s during winter de-icing operations. In the intake 
pipes, water velocity increases to 1.8 m/s during normal 
conditions (AEC 1973). Cooling water travels through the intake 
pipes to a common screenhouse where the seven circulating water 
pumps are located (Figs. 2 and 3). 

Water then passes through vertical trash racks (6-7-cm 
openings, 0.3 m/s water velocity) and vertical traveling screens 
(0.95-cm square openings, 0.6-m/s water velocity) to circulating 
water pumps and condensers. Heated water is discharged via two 
buried pipes (4.9-m diameter). Discharge structures are 91 m 
apart and 366 m offshore in 5.5 m of water. Water is discharged 
at a rapid rate (6,202 mVmin) through slot- jet diff users which 
rapidly mix heated and ambient water. The effluent plume has an 
estimated area during two-unit operation of 230 ha within the 1.7 
C* A T (3 F'') isotherm (AEC 1973). A more detailed discussion of 
intake and discharge structures may be found in Jude et 
al. (1979b), AEC (1973), and IMPC (1977, 1979). Cooling water 
passage time from intake at the 7.3-m contour in Lake Michigan to 
discharge at the lake's 5.5-m contour is approximately 10 min; 
duration of condenser passage is about 6 s (AEC 1973). 
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METHODS 



FIELD LARVAE 

Sampling 

Fish larvae were collected with a conical^ 0.5~m diameter, 
nylon plankton net of no. 2 (363-Mm) mesh. A Rigosha flowmeter 
attached to the center opening of the net measured volume of 
water sampled. When flowmeters failed to function, we 
substituted the average of flowmeter values from the remaining 
tows at the same station or from stations of comparable depth. 
Flowmeter readings were converted to voluune filtered by use of 
the calibration method in Jude et al. (1979b). One revolution 
was €jqual to approximately 15 liters of water filtered. 

Duplicate surface tow samples were collected at beach 
seining stations A (north Cook), B (south Cook), and F (Warren 
Dunes). A net was towed by hand, just below the water surface, 
against the current for a distance of about 61 m, once during the 
day and once at night. Beach tows were performed once a month, 
April through November. 

We performed horizontal, 5~min tows from the R/V Mysis at 
speeds of 3-6 km/h at discrete depths parallel to shore along 
three transects in Lake Michigan. The transects were at Warren 
Dunes, including stations F (1 m, i.e., beach), G (6m), H (9m), 
and W (21 m) ; south Cook, with stations B (1 m) , C (6 m) , D (9 
m) , and E (21 m) ; and north Cook, with stations A (1 m) and R (6 
m) (Fig. 1). Open water tows were performed both day and night, 
once per month, April through September (1980-1981) and April 
through August (1982). Stations E and W (21 m) were not sampled 
after May 1982. For 6-m stations a tow was done at 0.5, 2, 4, 
and 5.5 m; for 9-m stations depths were 0.5, 2.5, 4.5, 6.5, and 
8.5 m; and for 21-m stations tows were done at 0.5, 7.5, 13.5, 
and 20 m. 

The procedure for deepwater tows was as follows: 

1) Plankton net with attached Mason jar and depressor 
lowered to desired depth on end of cable. 

2) Plankton net towed horizontally for 5 min starting at 
the desired depth, which was obtained by measuring cable 
angle and trigonometrically calculating the length of 
cable to be released to reach desired depth. 

3) Plankton net hauled to surface and washed with a water 
hose. 



4) Contents rinsed into the Mason jar^ preserved with 40 ml 
of buffered formaldehyde^ labelled, and sealed. 

Total numbers of larvae and eggs captured in all subsurface 
tows were adjusted to compensate for upper strata contamination. 
For details of calculation see Jude et al. (1979b). Numbers of 
eggs and larvae were converted to densities, i^e., number/1,000 
m\ for all analyses. About 35 m^ of water were filtered during 
most tows. 



Statistical^Analvses 

ANOVA was applied to fish egg density and larval fish 
density data (no/1,000 mO of four species: alewife, yellow 
perch, spottail shiner, and rainbow smelt. All ANOVA designs 
were Model I, full factorial, balanced designs calculated with 
the statistical package BMD8V (unpublished ms. Statistical 
Research Laboratory, Univ. Mich., Ann Arbor, Mich. 48109). To 
approach the assumptions of the model more closely, densities 
were transformed using log (density + 1). Data from two zones, 
beach and open water, were analyzed separately. In the beach 
zone, factors used in ANOVA included Year (1973-1982), Month 
(June-August) , Station (A, north Cook; B, south Cook; and F, 
Warren Dunes), and Diel Period (day and night) for alewife and 
fish eggs. Factors used in ANOVA applied to spottail shiner data 
were Year (1973-1982), Month ( June- August ) , and Station (A, B, 
F). Due to excessive daytime net avoidance exhibited by spottail 
..shiner larvae, only nighttime samples were included in the 
analyses. Larval rainbow smelt were abundant enough during May 
of some years to apply ANOVA tests. Factors utilized in analyses 
of larval rainbow smelt densities included Year (1974-1975, 1980- 
1982), Station (A, B, F) , and Diel Period. Yellow perch larvae 
were too scarce in the beach zone for examination with ANOVA. 

In the open water zone, factors used in the analysis of 
alewife larvae densities included Year (1973-1982), Month (June- 
August), Area (Cook and Warren Dunes), Depth (6- and 9-m 
contours), and Diel Period. Year (1974-1975, 1979-1982), Area, 
and Depth were the factors used in ANOVA applied to spottail 
shiner density data. Only nighttime samples taken in July from 
the open water zone contained enough spottail shiner larvae to be 
examined using ANOVA. Factors used in ANOVA applied to larval 
rainbow smelt density data included Year (1974-1975, 1980-1982), 
Area, Depth, and Diel Period. Only data from the month of May 
were utilized in rainbow smelt ANOVA. Larval yellow perch were 
abundant enough in the open water zone during June of some years 
for examination using ANOVA. Factors used for yellow perch 
analyses were Year (1973-1974, 1977-1982), Area, Depth, and Diel 



Period. Factors used for fish eggs in the open water zone were 
Year (1974-1982), Month (June-July), Area, and Depth, but only 
night data were included. 

Because preliminary tests showed no significant trend in 
larval fish densities among depth strata (surface to near bottom) 
for a given sampling site and time,, samples from different depth 
strata from the same site and time (day or night) were used as 
replicates in the ANOVAs of open water stations. Since larval 
fish samples were taken at 2-m intervals in open water, stations 
at 6 m, (C, south Cook, and G, Warren Dunes) had one less 
replicate than 9-m stations (D, south Cook, and H, Warren Dunes). 
To balance the design, the mean of densities from the four strata 
at 6-m stations replaced the missing 8-m value. The unweighted 
means method for balancing designs (Fox, D. J., unpublished ms. 
Statistical Res. Lab., Univ. Mich., Ann Arbor, MI 48109) was then 
applied to the open water results. Treatment sums of squares 
were multiplied by the ratio of harmonic mean cell size to 
maximuan cell size to adjust for substitutions, and the number of 
missing values was subtracted from degrees of freedom of the 
error term to adjust mean square error. 

ENTRAINMENT 

Sampling 

Species and numbers of larvae and eggs entrained at the Cook 
Plant have been monitored by standardized sampling since 1974. 
However, sampling in 1974 was limited because of the sporadic 
testing of condenser cooling systems. These data are presented 
in detail in Jude (1976) and Jude et al. (1979b). Bimber et 
al. (1984) analyzed data collected from 1973 to 1979. This 
report will emphasize analysis of data collected during 
operational years 1980 to 1982, and will include an overview of 
field larvae collections from 1973 to 1982 and entrainment losses 
at the Cook Plant from 1975 to 1982. 

An entrainment sampling unit included a Hale (type 30LC- 
1750) diaphragm pump (maximum capacity, 300 liters per minute; 
mean capacity, 208 liters per minute) with a 7.6-cm diameter 
steel pipe extending into the intake forebay to a depth of 5 m 
(Fig. 4). The 5-m depth (maximum depth in the forebay is 9 m) was 
chosen because of results of our vertical and horizontal 
stratification testing in 1975 (Jude 1976). Water was pumped 
through a 0.5-m diameter, no. 2 Nitex nylon, 363-Mm mesh plankton 
net suspended in a 208-liter drum. A flowmeter installed in the 
drum's effluent pipe measured the volume of water filtered. 
Standard entrainment sampling units (three) were located at 
grates 2 and 3 and one at the Unit 1 discharge (Fig. 4). Sampling 
was performed at the Unit 2 discharge on those occasions when 



Unit 1 was not operating* Seven grates span the length of the 
screenhouse forebay floor. Most sampling in 1980-1982 was done 
at grates 2 and 3. Unit 1 circulation pxomps draw most of their 
water under grates 1, 2, and 3 (Fig. 3). 



NO. 2 PLANKTON 
NET (1/2m.) 




Figure 4. Schematic diagram of an entrainment sampling unit, 
showing the forebay, sampling pipes, diaphragm pxomp, plankton 
net, and flowmeter in the discharge pipe. 



Standard series entrainment samples were collected twice per 
month, except for June, July, and August when sampling was done 
once per week to coincide with peak abundance of fish eggs and 
larvae. Sampling was conducted twice per week during June-August 
1981 and June-July 1982. Samples were collected over a 24-h 
period. Bach 24-h period was divided into four diel sampling 
divisions which varied from 4 to 8 h, depending on division and 
day length. The four divisions were sunrise-noon, noon-sunset, 
sunset-midnight, and midnight-sunrise. Sixteen samples, four 
replicates (three intake, one discharge) per division, were 
collected for each 24-h period. 
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Densities of larvae and eggs represent a conversion of 
number per voluone sampled (the amount of water pumped through the 
plankton net) to number per standardized volume (1,000 mM . 
These standardized mean densities of larvae and eggs were 
expanded to the volume of water circulated by the plant during 
the time represented by that diel period. The total number of 
fish and eggs entrained over 24 h was computed by totaling 
estimates from each of the four diel sample divisions during a 
sample period. Each of these four estimates was derived by 
multiplying the mean density (n = four) times the total volume of 
water pumped through the plant during the time represented by 
that particular division. For yearly estimates, non-overlapping, 
contiguous time intervals (usually 1-2 wk) were established such 
that the sampling date was the approximate midpoint of the 
interval. Estimated entrainment during a sampling period was 
assumied to be representative of fish larvae and egg abundance per 
unit volume of circulating water during the 1-2-wk sample 
interval. The estimated number of fish larvae and eggs entrained 
was expanded accordingly. These data were totaled for each month 
and then yearly estimates computed. 

Analysis of entrainment data for alewife larvae, total 
larvae, and fish eggs (log (density + 1) transformed data) was 
carried out using the Analysis of Variance subprogram of the 
Statistical Package of the Social Sciences (SPSS) (Nie et 
al. 1975). A three-factor, fixed-effects, non-additive model was 
considered most appropriate, with the three factors being: Year, 
Grate, and Diel Period. To obtain the most balanced model (least 
amount of missing data) only data from years 1976 through 1982 
were examined and data from both discharge grates were combined 
(since they were not sampled simultaneously). Thus the analysis 
was across 7 years, four grates, four diel periods, and their 
associated interactions. Sample size was 1,699. Similar results 
were obtained for each ANOVA in that the only factors which 
exhibited attained significance levels less than 0.01 were Year 
and Diel Period. 



Sample Types 

The Cook Plant entrainment sampling regime has been modified 
several times during the course of this study. Four classes of 
samples describe the use or type of sample collected: standard, 
suppl€jmental, processed but not used, and not processed 
(discarded or lost). 

Standard series samples were those that could be compared 
with others in terms of location, duration, and frequency of 
sampling. Standard samples were collected from grates 2 and 3, 
and from either the Unit 1 or Unit 2 discharge during any of four 
diel periods (midnight to sunrise, sunrise to noon, noon to 
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sunset, or sunset to midnight); depth was 5 m. Volume of water 
filtered for each sample must have been consistent with volumes 
of other standard samples collected during the same diel period. 
A complete standard series sampling set resulted in the 
collection of 16 samples, 4 samples (3 intake, 1 discharge) from 
each of the four diel periods. 

Supplemental samples were those taken to examine the 
vertical and horizontal stratification of fish larvae and eggs in 
the forebay; samples extending across diel periods (i.e., samples 
taken all night, all day, noon to midnight, midnight to noon, or 
for 24 h); samples for which inadequate data concerning location 
of sampling were recorded? and samples taken from grates other 
than 2, 3, or Unit 1 discharge. Data from supplemental samples 
were used to support conclusions concerning heterogeneity in the 
distribution of larvae and eggs in the forebay and to increase 
the entrainment data base for improving estimates of entrainment 
losses. 

Entrainment samples which were not comparable to others 
collected during the same time period were removed from the 
analyses. These samples included: 1) samples in which volumes of 
water filtered were substantially reduced (less than 75 liters 
per minute), 2) reduced sampling duration (usually as a result of 
puonp or power failure), or 3) any other problem samples. Samples 
which were lost, broken, or inadequately preserved comprised this 
final category. These samples were noted but not included in the 
entrainment data base. 

Entrainment Sampling Adequacy 

Over 4,100 entrainment samples, containing nearly 21,400 
fish larvae and 603,000 eggs, were processed during 1975-1982 
(Tables 1, 2). Standard series samples (see Sample Types) 
accounted for between 53% (1975) and 98% (1981) of the total 
number of samples collected in any year. The actual number of 
larval fish collected in a given year has ranged from 528 (1978) 
to 4,267 (1982) (Table 2) with a mean of 2,667 larvae/year. 
Alewife have accounted for over 3/4 of all fish larvae collected 
in entrainment samples during the 8-yr study period. The number 
of eggs found in entrainment samples has ranged from 22,418 
(1979) to 153,416 (1982) (Table 2) with a mean of 75,315 eggs/ 
year. 

As a result of the large quantity of water used for 
condenser cooling, current entrainment sampling techniques allow 
inspection of only a very small fraction of the total intake 
water volume (Table 3). During 1975-1982 a mean of 0.00165% of 
the total annual flow was sampled. Sampling effort was increased 
during June, July, and August in each year (see Sampling) and the 
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Table 1. Actual 
samples from the 
samples collected 




Alewife 

Spottail shiner 
Yellow perch 
Johnny darter 
Rainbow smelt 
Trout-perch 
Mottled sculpin 
Slimy sculpin 
Common carp 
Deepwater sculpi 
Burbot 

Ninespine stickl 
Quillback 


Unidentified scu 
Unidentified min 
Unidentified dar 
Unidentified cor 


Poor condition 1 
Unidentified fis 


Total larvae 
Fish eggs 
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percentage of cooling water sampled increased to 0.00294% for the 
3-mo period. During one-unit operation (1975-1977) June-August 
sample volumes were 0.00409% of the total; during 1978-1982, when 
two units were on-line, sample volumes dropped to 0.00224% of the 
total June-August flow. 

Sampling During 1980-1982 — 

Entrainment sampling during the final years of our study was 
very consistent. Standard series sampling was conducted at 
grates 2, 3S, and 3N and the Unit 1 or Unit 2 discharge at a 
depth of 5 m (Tables 4-6). When Unit 1 was not operating, Unit 2 
discharge samples were substituted for standard series sampling. 
Samples were collected twice per month, except in June-August 
1980 and August 1982 when sampling occurred weekly and in June- 
August 1981 and June-July 1982 when samples were taken twice each 
week. Supplemental samples (miscellaneous long duration or non- 
standard-series location entrainment samples) were collected 
during June-July 1980, August 1981, and July-September 1982. For 
a description of sampling during 1974-1979 see Jude et 
al. (1979b) and Bimber et al. (1984). 

Forebay Heterogeneity Studies — 

Stratification of organisms within the water column is a 
potential source of error in any entrainment sampling program. 
The subject is often ignored, or statements about the highly 
mixed nature of the cooling water are used to justify arbitrarily 
chosen sampling locations. 

During 1974 and 1975 studies were conducted in the forebay 
at the D. C. Cook Plant to determine whether fish larvae and eggs 
were clumped horizontally or vertically in the water column. 
Sampling was performed at depths of 2, 5, and 8 m and ANOVA 
examination showed no significant difference for total fish 
larvae, alewife larvae, or fish egg densities with depth (Jude 
1976, Jude et al. 1979b, Bimber et al. 1984). Although the 
differences were not statistically significant, the 5-m sample 
means were greatest for all three categories and thus 5 m was 
selected as the depth at which standard series sampling would be 
carried out. The horizontal distribution study likewise revealed 
no statistically significant differences among sampling locations 
(i.e., different grates) in the forebay (Jude 1976, Jude et 
al. 1979b, Bimber et al. 1984). 

As in previous years (see Bimber et al. 1984), data 
collected from 1980 to 1982 were examined for evidence of fish 
larvae and egg stratification in the forebay. ANOVA was used to 
compare differences in densities among the various standard 
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Table 4. Locations and numbers of entrainment samples 
collected in the forebay at the D. C. Cook Plant in 1980, 
Depth; depth (m) of sampling in the forebay. Grate: the 
location of the forebay grate ^ see Figure 3 for refer- 
ence - (2) grate 2, (3N) grate 3-north, (3S) grate 
3-south, (Ul) Unit 1 discharge, and (U2) Unit 2 dis- 
charge. Data represent both standard series and 
supplemental entrainment samples. 







Total no. 
samples 


Depth 
(m) 






Grate 






Month 


2 


3N 


3S 


Ul 


U2 


Jan 


34 


5 


8 


8 


8 


2 


8 


Feb 


31 


•5 


8 


8 


7 


4 


4 


Mar 


30 


5 


8 


7 


8 




7 


Apr 


36 


5 


8 


8 


8 


3 


9 


May 


31 


5 


8 


8 


8 




7 


Jun 


64 


5 


16 


16 


16 


4 


12 


Jul 


46 


5 


10 


12 


12 


8 


4 


Aug 


64 


5 


16 


16 


16 


4 


12 


Sep 


31 


5 


8 


8 


8 




7 


Oct 


26 


5 


7 


5 


6 




8 


Nov 


32 


5 


8 


8 


8 




8 


Dec 


32 


5 


8 


8 


8 




8 


Total 


457 




113 


112 


113 


25 


94 
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Table 5, Locations and numbers of entrainment samples 
collected in the forebay at the D. C. Cook Plant in 1981, 
Depth: depth (m) of sampling in the forebay. Grates the 
location of the forebay grate ^ see Figure 3 for refer- 
ence - (2) grate 2^ (3N) grate 3-north, (3S) grate 
3-south, (Ul) Unit 1 discharge, and (U2) Unit 2 dis- 
charge. Data represent both standard series and 
supplemental entrainment samples. 







Total no. 
samples 


Depth 
(m) 






Grate 






Month 


2 


3N 


3S 


Ul 


U2 


Jan 


32 


5 


8 


7 


9 




8 


Feb 


32 


5 


8 


8 


8 




8 


Mar 


31 


5 


8 


8 


7 




8 


Apr 


32 


5 


8 


8 


8 




9 


May 


31 


5 


8 


6 


9 




8 


Jun 


119 


5 


30 


29 


30 


30 




Jul 


118 


5 


30 


28 


30 


30 




Aug 


126 


5 


32 


30 


32 


4 


28 


Sep 


32 


5 


8 


8 


8 




8 


Oct 


32 


5 


8 


8 


8 




8 


Nov 


32 


5 


8 


8 


8 


4 


4 


Dec 


31 


5 


8 


7 


8 


4 


4 


Total 


648 




164 


155 


165 


72 


92 
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Table 6, Locations and numbers of entrainment samples 
collected in the forebay at the D. C. Cook Plant in 1982, 
Depth: depth (m) of sampling in the forebay. Grate: the 
location of the forebay grate, see Figure 3 for refer- 
ence - (2) grate 2, (3N) grate 3-north, (3S) grate 
3-south, (Ul) Unit 1 discharge, and (U2) Unit 2 dis- 
charge. Data represent both standard series and 
supplemental entrainment samples. 







Total no. 
samples 


Depth 
(m) 






Grate 






Month 


2 


3N 


3S 


Ul 


U2 


Jan 


32 


5 


8 


8 


8 




8 


Feb 


32 


5 


8 


8 


8 


•8 




Mar 


32 


5 


8 


8 


8 




8 


Apr 


32 


5 


8 


8 


8 




8 


May 


32 


5 


8 


8 


8 




8 


Jun 


134 


5 


34 


34 


33 




33 


Jul 


143 


5 


36 


36 


36 


17 


18 


Aug 


64 


5 


16 


16 


16 


16 




Sep 


36 


5 


9 


9 


9 


6 


3 


Oct 


29 


5 


8 


7 


8 




6 


Nov 


32 


5 


8 


8 


8 




8 


Dec 


32 


5 


8 


8 


8 




8 


Total 


630 




159 


158 


158 


47 


108 



19 



series sampling locations. No significant differences in 
densities of total larvae or alewife larvae occurred among 
samples collected at grates 2, 3N, 3S^ and Unit 1 or 2 discharge 
during 1980-1982 (Table 7) or during 1976-1982 (Tables 8,9). 

There was no significant difference in egg densities among 
sampling locations for all years combined. The ANOVA with the 
most balanced design included 1976-1982 with egg densities from 
Units 1 and 2 discharges pooled (Table 10). When Units 1 and 2 
discharges were treated separately in the ANOVA, there were 
significant differences in egg densities among grates in 1981 and 
and 1982 (p <0.001). Mean densities for June-August 1982 were 13 
eggs/1,000 m^ at Unit 1, and 2 eggs/1,000 m^ at Unit 2. However, 
when 1982 data for Units 1 and 2 discharges were combined, their 
mean (9 eggs/1,000 mM was similar to those of the other grates 
(10-11 eggs/1,000 m^) so that no difference was detectable (Table 
7). During 1979 and 1981, mean egg densities at Unit 2 discharge 
were much higher than at Unit 1 discharge, in contrast with 1982. 
These results caused a significant YEAR x GRATE factor 
interaction for the years 1978-1982 (p <0.001). The differences 
between discharges were probably due to a combination of 
discharge design, flow rates, and demersal nature of the eggs, 
which dictated whether eggs were mixed throughout forebay waters, 
and hence, susceptibility to our pumps. An unanswered question is 
whether adult fish impinged on the traveling screens released 
eggs which could be collected in discharge samples. However, 
there is no reason to believe that this would occur with greater 
frequency at one discharge than the other. Analysis of the data 
showed egg densities were not significantly higher at the 
discharges than the intakes, thus egg release by impinged fish is 
probably small in comparison to total eggs entrained. 



Field-Entrainment Comparisons 

Field and entrainment catches were compared for abundance 
and size of alewife larvae and abundance of fish eggs in an 
effort to determine if larvae and eggs were entrained in 
proportion to their abundance in the lake. Each set of monthly 
field samples (June-August, day and night separately) was paired 
with the set of entrainment samples taken on the nearest date, 
during the same diel period. Relative abundance was determined 
by comparing densities (no. /I, 000 mM of larval alewife in each 
pair of samples. The density computed for each diel period of 
entrainment sampling was the mean of eight replicates (day = dawn 
to noon and noon to dusk samples combined? night - dusk to 
midnight and midnight to dawn). Entrainment densities were 
compared to densities from field stations in close proximity to 
the intakes (i.e., 9-m station D and 6-m stations C and R) . 
Field densities for a given diel period therefore represented a 
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Table 7. Results of an ANOVA of factors potentially affecting 
entrainment densities. June, July, and August standard series 
data for total larvae, alewife larvae, and fish egg (log 
catch+1) densities are included. (* indicates significance at 
the 0.01 level.) 



Year 



Category 



ANOVA Factor 





Diel 


Grate 


period 


0.948 


0.111 


0.966 


0.114 


0.983 


0.374 


0.542 


0.046 


0.506 


0.041 


0.000* 


0.021 


0.024 


0.000* 


0.029 


0.000* 


0.964 


0.000* 



1980 



1981 



1982 



Total larvae 
Alewife larvae 
Fish eggs 



Total larvae 
Alewife larvae 
Fish eggs 



Total larvae 
Alewife larvae 
Fish eggs 
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Table 8. Analysis of variance sijuiunary of densities (no./l,000 
m') of fish larvae (all species combined) collected during 



1976-1982 in the D. C. Cook Plant forebay. 
level of significance. 



Signif.= Attained 



Source of 
variation 


df 


Mean square 


F- 
statistic 


Signif . 


Year (Y) 

Grate (G) 

Diel Period (D) 


6 
3 
3 


1,486,287.000 

306,075.438 

6,663,445.000 


5.967 

1.229 

26.750 


0.000 
0.298 
0.000 


Y X G 

Y X D 
G X D 


18 

18 

9 


157,392.125 

314,088.375 

51,771.805 


0.632 
1.261 
0.208 


0.877 
0.204 
0.993 


Y X G X D 


54 


78,466.438 


0.315 


1.000 


Explained 


111 


388,372.750 


1.559 


<0.001 


Residual 
Total 


1,587 
1,698 


249,102.500 
258,206.750 
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Table 9. Analysis of variance sumimary of densities (no. /I, 000 
m^) of alewife larvae collected during 1976-1982 in the D. C. 
Cook Plant forebay* Signif. = Attained level of significance. 





Source of 
variation 


df 


Mean square 


F- 
statistic 


Signif. 


Year (Y) 

Grate (G) 

Diel Period (D) 


6 
3 
3 


767,996.500 

198,950.250 

3,475,918.000 


4.900 

1.269 

22.177 


0.000 
0.283 
0.000 


Y X G 

Y X D 
G X D 




18 

18 

9 


101,601.688 

157,888.688 

24,206.965 


0.648 
1.007 
0.154 


0.863 
0.448 
0.998 


Y X G X D 




54 


53,404.387 


0.341 


1.000 


Explained 

Residual 

Total 




111 
1,587 
1,698 


211,533.250 
156,736.875 
160,319.000 


1.350 


0.011 
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Table 10, Analysis of variance siimmary of log (density + 1) 
of fish eggs collected during 1976-1982 in the D* C, Cook 
Plant forebay. Signif. = Attained level of significance. 





Source of 
variation 


df 


Mean square 


F- 
statistic 


Signif, 


Year (Y) 

Grate (G) 

Diel Period (D) 


6 
3 
3 


22.280 

0.597 

38.801 


10.698 

0.243 

15.795 


0.000 
0.866 
0.000 


Y X G 

Y X D 
G X D 


18 

18 

9 


1.676 
2.404 
0.110 


0.682 
0.979 
0.045 


0.832 
0.482 
1.000 


Y X G X D 


54 


0.190 


0.077 


1.000 


Explained 

Residual 

Total 


111 
1,587 
1,698 


3.287 
2.457 
2.511 


1.338 


0.013 



24 



mean of 13 samples; (mean of C+R (N=8) + mean of D (N=5))/2, A 
weighted average was used to equalize the contribution of 6- and 
9-m stations. 

Because alewife eggs can hatch in 3 days at the 20-23 °C 
temperatures typical of Lake Michigan in summer (Auer 1982) and 
because intermittent upwellings and movement of water masses can 
transport larvae to and from the nearshore zone (Heuf elder et al, 
1982), sample pairs taken more than 2 days apart were excluded 
from the analysis (10 cases). Field densities were greater than 
entrainment densities in 32 of the remaining 38 cases (84% of the 
time) • 

Field and entrainment samples were paired the same way for 
length comparisons as for abundance comparisons. Sample sets 
taken more than 2 days apart were again excluded as were samples 
containing fewer than five larvae (three additional cases). 



ESTIMATION OF ALEWIFE SURVIVAL 



Introduction 

Survival of alewife during the first growth season was 
estimated as follows. Because alewife spawning and hatching are 
continuous over 1.5 months or longer, it was impossible to 
identify a cohort and follow it through the season. Thus data 
for larvae and YOY were pooled through the season and treated as 
one cohort. Fish were separated by length intervals but not by 
sampling period. 

Densities of Alewife Larvae 

Densities of alewife larvae used in the analysis were 
obtained from both field and entrainment samples. Entrainment 
densities were calculated for each year by averaging the 
densities for each sampling period^ then summing the means over- 
all sampling periods (n usually equalled 16) to get a total mean 
density of larvae pooled through the season. This was done 
separately for size groups 2-5 mm (newly hatched), 5.5-10 mm, 
10.5-15 mm, 15.5-20 mm, 20.5-25 mm, and 5.5-25 mm pooled, 
separately for each year. An estimate of growth rate is 
necessary to obtain survival rates from length-frequencies 
(Farris 1960, May 1974). Alewife larvae in the laboratory grow 
at rates of 3.5 to 4.6 mm per wk (Heinrich 1981, Kellogg 1982) 
and take an average of 5 wk to grow to 25 mm (Heinrich 1981). 
Entrainment samples were usually collected once a week, so fish 
larvae hatched at a given time could be sampled three or four 
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times during their growth from 5,5 to 25 mm. Therefore, larvae 
5,5-25 mm were separated into size groups so that total density 
over the season would not include the same age group more than 
once. Samples were taken twice weekly during 1981 and 1982 , so 
1981-1982 total entrainment densities were halved to make them 
comparable with all other years. All diel periods were combined. 

Only field larvae samples from stations 6 and 9 m in depth 
(C, D, and R - Cook, G and H - Warren Dunes) were used in the 
analysis, because these were the depths for which trawl data were 
available. Densities were averaged over all depth strata and 
stations, then summed over the months alewife larvae were 
collected (usually June through August, sometimes including 
September). Samples from the diel period showing greatest 
abundance of alewives were used, usually night. Some day sample 
densities were higher than for night, and were used during 1977, 
1978, 1979, and 1980. Densities of newly hatched larvae were 
calculated separately from densities of larvae >5 mm, but larvae 
>5 mm were not subdivided further because field sampling was 
conducted monthly, and this was a long enough time for most to 
grow from 5 to 20 mm. So few larvae 20-25 mm were collected that 
their densities did not significantly affect results. Field 
larvae data from 1973 were not included because different strata 
were sampled that year and would bias results. 

Densities of YOY Alewives 

Size and shape of the trawl mouth were estimated from 
published studies of trawls in motion, along with measurements of 
our trawl on land. Amos et al. (1981) used a towing tank to test 
an otter trawl which was constructed like ours (only somewhat 
larger). Lengths of headrope, footrope, vertical line, and 
bridle were compared between their tested trawl and ours (Table 
11). Proportions of these measurements and Amos et al.'s 
measurements of trawl mouth size during towing were used to 
estimate likely size and shape of our trawl mouth opening. These 
estimates were compared with results obtained by Hatch et 
al. (1981), who found a somewhat larger vertical opening on a 
trawl similar to ours; therefore our estimate of vertical opening 
was adjusted upwards in proportion to the headrope length and 
vertical opening of Hatch et al.'s trawl. Amos et al.'s figures 
were used for shape and horizontal opening of the trawl. Area 
was obtained by plotting the dimensions on graph paper. 

Distance covered during each trawl was calculated using the 
average speed during trawling (4,167 m/h) and elapsed time (10 
min). Volume of water filtered by the trawl was obtained by 
multiplying distance by trawl area (2.45 m*). An estimated 
1,701.5 m* of water was filtered during each trawl haul. Numbers 
of YOY in day trawls were averaged over trawl stations of the 
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Table 11. Trawl size measurements and estimates (in m) used 
in calculations of alewife survival. 





Measured 
Parameter 


Amos et al. Hatch et al. 


Our trawl 


Headrope 23.2 11.9 
Footrope 29.2 15.5 
Vertical line 2.1 
Bridle 9.15 

Calculated or estimated size during tows 


4.9 
5.8 
0.82 
0.93 


Headrope spread 
Footrope spread 
Height at center 
Height at wing end 


14.0 6.5* 

17.6 
2.3 2.4 
1.6 0.7 


2.8 
3.5 
0.90 
0.62 



*Mean of headrope and footrope spread. 



same depth, three 6-m stations and two 9-m stations. These 
numbers were divided by 1.7015 to obtain mean number of YOY/1,000 
m^. Densities were calculated separately for each 10-mm length 
interval, and were summed over months in which YOY were present 
at trawl depths and weather permitted sampling, usually 
September, October, and November. Since alewife YOY are believed 
to concentrate near bottom during the day, densities were 
multiplied by the height of the trawl divided by the depth of the 
water colxjmn (6 or 9 m), then siammed over the two bottom depths. 
This adjustment made trawl data comparable to field larvae data, 
which represented the whole water column. 

Survival rates, i.e., the ratios of YOY densities to larvae 
densities, were calculated separately for each year using field 
and entrainment data for each length interval of larvae, and the 
density of the most abundant length interval of YOY. The peak 
length interval was felt to be the truest representation of YOY 
density, representing the time when most YOY were actually at 
trawl depths rather than inshore (late sximmer, smaller fish) or 
offshore (late fall and winter, larger fish). Densities for each 
length interval of larvae, and peak-length YOY densities, were 
also averaged over all years, then used to calculate survival 
rates for all years combined. 
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Daily mortality rates were calculated from field and 
entrainment data using the equations: 

Z = -(In N.^, - In N^) 
t+i t 

\ = Z/D 

M^ = 1 - e^-"t^ 

where Z = instantaneous mortality rate from time t to t+1 
N. = density of alewife at time t 

n. = instantaneous daily mortality rate 

D = number of days from time t to t+1 

M. = daily mortality rate from time t to ..t+1 

These mortality rates were calculated using mean densities 
over all years for the various length intervals available. Dates 
used were derived in two ways: (design I) mean dates of peak 
catch in each length interval, and (design II) dates for 
intermediate length intervals calculated from peak dates of yolk- 
sac larvae catch, and growth rates obtained in the laboratory by 
Heinrich (1981). Thus if peak catch of yolk-sac (2-5 mm) larvae 
was 7 July, Heinrich' s growth rates indicate larvae should reach 
successive 5-mm length intervals of 5.5-10, 10.5-15, 15.5-20, and 
20.5-25 mm in 7, 16, 23, and 30 days after 7 July, respectively. 
However, actual time of peak YOY catch was used for the date 
terminating the analysis, because Heinrich' s data do not go 
beyond 50 days. Thus designs I and II are the same for 
calculating daily mortality over the entire span, yolk-sac larvae 
to YOY. Design II calculations involving the 5.5-25 mm interval 
used 11 days from 2-5 to 5.5-25 mm as the midpoint of growth from 
5 to 10 and 10 to 15 mm, which were the intervals above 2-5 mm 
containing the most larvae. 



LABORATORY PROCEDURES 

All entrainment and field samples of fish larvae and eggs 
were preserved with a 10% formaldehyde solution immediately after 
collection and then transported to the Great Lakes Research 
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Division's fishery laboratory for analysis. For our purposes, 
fish larvae were defined as any fish 25 .4 mm or less in total 
length (TL). In the laboratory, larvae were sorted, identified, 
counted, and measured. Larvae were identified to species, when 
possible, otherwise to the lowest taxonomic group (see Table 12). 
Alewife, spottail shiner, and rainbow smelt were measured to the 
nearest 0.5 mm TL, while all others were measured to the nearest 
0.1 mim TL. Eggs were also counted but not identified to species. 
When large quantities were found, egg numbers were estimated via 
a volumetric subsampling method (see Jude et al. 1975). All 
larvae and a subsample of eggs from each entrainment sample were 
then catalogued and saved for future reference. Data were 
recorded directly on standard coding forms, keypunched, and 
transferred to computer tapes for analysis. 

Larval fish identification was based on knowledge of species 
abundance and spawning times in southeastern Lake Michigan, 
comparison of specimens with those in the Great Lakes Regional 
Fish Larvae Collection (Dorr and Jude 1981), and reference to 
taxonomic works (Auer 1982, Dorr et al. 1976, Hogue et al. 1976, 
Lippson and Moran 1974, Nelson and Cole 1975, and Jude et 
al. 1979b). Some fish larvae identifications may be reevaluated 
and reassignments made, but these taxonomic changes will not 
affect total entrainment estimates in any year. 
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Table 12. Ichthyoplankton species and groups entrained or 
collected in the vicinity of the D. C. Cook Plant from 1973 
to 1982. Scientific names from Robins et al. (1980) • 





Common name 




Scientific name 


or category 


Code 


or category 


Alewife 


AL 


Alosa pseudoharengus (Wilson) 


Spottail shiner 


SP 


Notropis hudsonius (Clinton) 


Rainbow smelt 


SM 


Osmerus mordax ( Mi t chill) 


Yellow perch 


YP 


Perca flavescens ( Mi t chill) 


Trout-perch 


TP 


Percopsis omiscomaycus (Walbaum) 


Johnny darter 


JD 


Etheostoma nigrum Rafinesque 


Slimy sculpin 


SS 


Cottus cognatus Richardson 


Common carp 


CP 


Cyprinus carpio Linnaeus 


Ninespine stickleback 


NS 


Pungltius pungitlus (Linnaeus) 


Mottled sculpin 


MS 


Cottus balrdi Girard 


Deepwater sculpin 


FS 


Myoxocephalus thompsoni (Girard) 


Burbot 


BR 


Lota lota (Linnaeus) 


Quillback 


QL 


Carpiodes cyprinus (Lesueur) 


Emerald shiner 


ES 


Notropis atherinoides Rafinesque 


Gizzard shad 


GS 


Dorosoma cepedianum (Lesueur) 


Unidentified sculpins 


uc 


Cottus spp. 


Unidentified minnows 


XM 


Cyprinidae 


Unidentified coregonids 


XC 


Coregonus spp. 


Unidentified darters 


XE 


Etheostoma spp. 


Unidentified suckers 


xs 


Catostomidae 


Unidentified clupeids 


XH 


Clupeidae 


Unidentified fish larvae 






as a result of poor 






condition 


XP 




Unidentified fish larvae 


XX 




Fish eggs 
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RESULTS AND DISCUSSION 



OVERVIEW 

Summary: Entrainment and Field Larvae Collections 

Nearly 750 million fish larvae and 23 billion eggs were 
entrained at the D. C. Cook Plant during 1975-1982. Estimated 
annual losses ranged from 33.5 million larvae in 1977 to 167 
million larvae in 1982 (Table 13). Differences in the volume of 
cooling water pumped through the plant each year (Table 14) were 
responsible, in large part, for the fluctuations in estimated 
losses. Variations in annual losses are generally caused by a 
combination of biological and non-biological factors, i.e., 
fluctuations in year-class strength and differences in plant 
operation. 

Thirteen species of fish larvae were found in entrainment 
samples during our 8-yr study: alewife, burbot, common carp, 
deepwater sculpin, johnny darter, mottled sculpin, ninespine 
stickleback, quillback, rainbow smelt, slimy sculpin, spottail 
shiner, trout-perch, and yellow perch. In addition, there were 
four groups that could not be identified to species: coregonines 
{Coregonus spp.), darters {Etheostoma spp.), minnows 
(Cyprinidae) , and sculpins iCottus spp.). Approximately 8% of 
all fish larvae collected during entrainment sampling were 
damaged beyond recognition and <0.1% could not be identified at 
our current level of taxonomic sophistication (Table 1, Table 
13). 

Alewives were by far the most abundant species, accounting 
for between 54 and 92% of the total number of larvae entrained in 
every year (Figure 5) and 74% of the overall 8-yr entrainment 
loss. Spottail shiners represented 9% of the 1975-1982 
entrainment loss, rainbow smelt represented 5%, and yellow perch 
2%. Remaining taxa each accounted for <1% of the total 8-yr loss 
(Table 13). 

Entrainment of fish larvae generally began for the year in 
April, peaked in June or July (when alewife spawning and hatching 
peaked) , and terminated in October or November as larvae and 
young-of-the-year migrated to deeper offshore zones. Entrainment 
rates were strongly influenced by diel period. Use of ANOVA 
showed that significantly more fish eggs and larvae were 
entrained at night (dusk-midnight and midnight-dawn sampling 
periods) than during the day (dawn-noon and noon-dusk) (Tables 8- 
10). 
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Figure 5. Entrainment losses at the D.C. Cook Plant, 
southeastern Lake Michigan, 1975-1982, for alewife, yellow 
perch, rainbow smelt, spottail shiner, total larvae, and fish 
eggs. 
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Nineteen taxa of fish larvae were identified from our field 
samples during the 10-yr study. Alewife dominated collections in 
every year. Spottail shiner, yellow perch, and rainbow smelt 
were also present in all years, but in much smaller numbers than 
alewife. Burbot, common carp, johnny darter, and trout-perch 
larvae appeared in field samples occasionally. The remaining 
taxa, deepwater sculpin, emerald shiner, gizzard shad, ninespine 
stickleback, slimy sculpin, quillback, and unidentified members 
of the whitefish, herring, minnow, sculpin, and sucker families 
were rare; each was present in only 1 or 2 years. 

Larvae first appeared in field samples in April or May and 
became most abundant during summer months (June-August) when 
spawning was heaviest. The last larvae of the season were 
collected in September, October, or November. Rainbow smelt, 
burbot, yellow perch, deepwater sculpin, and alewife were among 
the earliest larvae to appear during our field season; alewife, 
and occasionally trout-perch, were the latest. 

June, July, and August samples contributed between 80 and 
99% of the total number of larvae collected in each year. July 
was usually the month of highest mean densities of larval fish at 
both beach and open water stations, followed by June, and then 
August. During the siimmer, monthly mean densities were almost 
always higher at beach stations than at open water stations. 
Generally, more larval fish were caught during night sampling 
than during day sampling. 

Plant Impact 

There were few indications of Cook Plant effects on 
distributions of fish larvae. Statistical tests performed on 
densities of larval fish species which were consistently abundant 
enough for analysis showed few significant differences. Mean 
alewife abundance did not differ significantly between Cook and 
Warren Dunes stations (ANOVA: p = 0.3775 for beach stations, p = 
0.5758 for open water stations) over the 10 years of data 
collection. Densities of spottail shiner larvae in night beach 
station samples did not differ significantly between areas 
(ANOVA, p = 0.8415). Yellow perch were at depressed levels 
during all but the last year of our study, due to the impact of 
the alewife (Christie 1974; Jude et al. 1979a; Crowder 1980; Jude 
and Tesar 1985). Yellow perch larvae abundance followed no 
patterns attributable to plant operations. Yellow perch larvae 
were abundant in both Cook and reference areas in 1974, 1977, and 
1982, but not in other years. During operational years 1977 to 
1982, open water yellow perch densities were not significantly 
different between Cook and Warren Dunes stations (Kruskal-Wallis, 
p = 0.768). Additionally, no significant difference existed 
between preoperational and operational years for June open water 
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yellow perch densities (Kruskal-Wallis, p = 0.155). Beach 
catches of rainbow smelt larvae during 1974, 1975, and 1980-1982 
did not differ significantly between Cook and Warren Dunes 
stations (ANOVA, p = 0.48). In the open water, densities at Cook 
were significantly higher than at Warren Dunes (ANOVA, p = 
0.0015) when preoperational and operational years were combined 
(1974, 1975, and 1980-1982). This significance was due to the 
unusually high catches at 6- and 9-m Cook stations during May 
1974. During operational years (1975 and 1980-1982), however, no 
significant difference between Cook and Warren Dunes open water 
stations (C and D vs. G and H) was observed (Kruskal-Wallis, p = 
0.02). These data suggest no plant impact on larval rainbow 
smelt populations. 

Of the less abundant species, the most striking abundance 
pattern was that of common carp larvae. Common carp larvae were 
never collected in the study area during preoperational years. 
During operational years, they were found mostly at Cook 
stations. Of the 23 samples containing common carp larvae, only 
2 were collected at Warren Dunes. These data suggest that common 
carp spawning took place at Cook Plant stations during 
operational years, which we attributed to the attraction of the 
warm water plume and currents produced by the heated discharge of 
the Cook Plant. Thus common carp spawning at the Cook Plant was 
a clear plant effect. Common carp larvae were collected at 
Warren Dunes at relatively low densities (31 larvae/1,000 m^ and 
83 larvae/1,000 m^). These larvae probably drifted from the Cook 
Plant area. 

Burbot, deepwater sculpin, and ninespine stickleback larvae 
showed no apparent differences between Cook and reference areas. 
Quillback, unidentified Coregoninae, gizzard shad, emerald 
shiner, and others, identified only to genus or family (minnows, 
darters, sculpins), were collected so seldom that no difference 
could be ascertained. Several other species not abundant enough 
for statistical testing were more abundant at Cook than at the 
reference area. During the 10~yr study, 14 samples contained 
trout-perch larvae, and 10 of these were from Cook stations. 
More johnny darter and slimy sculpin larvae were collected at 
Cook than at reference stations, probably because riprap around 
the intake attracts these species for spawning. 



37 



DESCRIPTIONS BY SPECIES 

Alevife 

Entrainment— 

General trends — Alewife larvae have represented the largest 
component of entrainment loss in every year of our study, 
consistently accounting for over half the total number of fish 
larvae entrained (Fig. 5). Annual entrainment estimates for 
alewife larvae ranged from 27.4 million (1977) to 125.6 million 
larvae (1979) and the proportion of total annual entrainment 
attributable to alewife has ranged from 54% (1980) to 92% (1979) 
(Table 13). 

The apparently extraordinary susceptibility of alewives to 
entrainment is probably a result of several factors. Alewife is 
the most abundant fish species in the vicinity of the Cook Plant 
(Jude et al. 1979b, Tesar et al. 1985) and in Lake Michigan as a 
whole (Smith 1968) and it is therefore not surprising to see them 
so well represented in entrainment samples. Further, alewives 
are pelagic broadcast spawners which produce large numbers of 
eggs (10, 000-22, 407/female, Auer 1982) and larvae compared with 
species that provide some form of protection for embryos and 
larvae (e.g., sculpin) . 

Alewife susceptibility to entrainment is also enhanced by 
temporal and spatial characteristics of their spawning and 
hatching and distribution of their larvae. In spring or early 
summer, adult alewives move inshore to spawn and come within the 
realm of influence of the intakes. Peak hatches generally occur 
in June or July when demand for electricity, and therefore 
cooling water requirements, are also at a peak. The pelagic 
nature of alewife larvae increases their vulnerability to 
entrainment. In addition, larval alewives are among the most 
frail and least developed at hatching of all Great Lakes fish 
larvae which probably makes them less able to avoid water intakes 
than the larvae of many other, more robust species. 

Seasonal abundance — Season of occurrence for alewife larvae 
generally begins in the spring as water temperatures approach 15 
°C and extends through the summer months and into the fall. This 
period corresponds to the period of warmest water temperatures in 
the vicinity of the Cook Plant (Figs. 6-8, Bimber et al. 1984). 
Larval alewife were first entrained in April (1977), May (1975, 
1976, 1978), or June (1979-1982), became most abundant in June 
(1975, 1981) or July (1976-1980, 1982) (Tables 15-17, Figs. 9-11) 
and continued to be present in entrainment samples during nearly 
every month until September (1975, 1977, 1980, 1981), October 
(1976, 1982), or November (1978, 1979). 
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Figure 6. Seasonal occurrence of fish eggs ( — 

larvae ( ) and post-yolk-sac larvae ( ) 

spottail shiner, rainbow smelt, and yellow perch 
entrainment samples during 1980. Temperature profile 
represents daily water temperatures (6-m depth) recorded 
St. Joseph, Mi., approximately 16 km north of the plant. 
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Figure 7. 

larvae ( • 

spottail shiner, rainbow smelt, and yellow perch in field and 

entrainment samples during 1981. Temperature profile 

represents daily water temperatures (6-m depth) recorded at 

St. Joseph, Mi., approximately 16 km north of the plant. 
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Figure 8. Seasonal occurrence of fish eggs ( — 

larvae ( ) and post-yolk-sac larvae ( ) 

spottail shiner, rainbow smelt, and yellow perch 
entrainment samples during 1982. Temperature profile 
represents daily water temperatures (6-m depth) recorded 
St. Joseph, Mi., approximately 16 km north of the plant. 
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Figure 9. Density estimates of entrained fish larvae (no. /I, 000 
itiM for alewife, spottail shiner, rainbow smelt, and yellow perch 
larvae, and fish eggs found in intake water used for condenser 
cooling at the D. C. Cook Plant, 1980. 
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Figure 9. Continued. 
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Figure 10. Continued. 
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The greatest mean densities in entrainment samples recorded 
over a 24-h sampling period (N = 16) in each year were: 1,831 
larvae per 1,000 m* (8-9 July 1975), 1,039 larvae per 1,000 m' 
(20-21 July 1976), 379 larvae per 1,000 m' (21-23 July 1977), 140 
larvae per 1,000 m^ (25-26 July 1978), 892 larvae per 1,000 m' 
(26-27 July 1979), 1,608 larvae per 1,000 m^ (14-15 July 1980), 
1,437 larvae per 1,000 m' (15-16 June 1981), and 541 larvae per 
1,000 m^ (6-8 July 1982 - Tables 18-20). The thermal regime of 
Lake Michigan in the vicinity of the study area appears to be one 
factor that affects the magnitude of larval alewife abundance 
peaks. The lowest annual abundance peak (140 larvae per 1,000 
m') during 8 years «of entrainment sampling occurred in July 1978. 
Mean June and July temperatures in 1978 (13.7 °C and 14.1 °C, 
respectively) were 9% and 20% lower than the overall 1973-1982 
mean temperatures for those months (Table 21). During 1975, the 
year with the greatest annual abundance peak (1,831 larvae per 
1,000 mM, mean June (16.2 "O and July (19.5 °C) water 
temperatures were approximately 7% and 10% greater than the 10-yr 
overall mean June and July temperatures. 

Length-frequency distribution — The vast majority of 
entrained alewife have been yolk-sac larvae (<5 mm TL, Auer 
1982). During 1975-1982 yolk-sac larvae accounted for between 
61% (1979) and 94% (1975, 1980) of the total number of alewife 
entrained per year (Tables 22-24). This is not surprising, as 
increasing age brings increased mortality and probably an 
improved ability to avoid intake currents. 

Alewife have an extended spawning period compared to many 
other species in our study area as is evidenced by the season of 
occurrence of yolk-sac larvae in entrainment samples. Yolk-sac 
larvae were first entrained in April (1977), May (1976, 1978), or 
June (1975, 1979-1982) and were present continuously until late 
July (1980) or August (all other years). The onset of spawning 
for alewife is closely related to water temperature (Threinen 
1958, Cooper 1961). In 1976 and 1977 mean temperatures during 
March-May were higher than in any other year of entrainment 
sampling (Table 21). Accordingly, the earliest records of 
alewife yolk-sac larvae (10-11 May 1976 and 27-28 April 1977) 
occurred in those years (Bimber et al. 1984). 

Although there are undoubtedly many factors that contribute 
to year-class strength in fishes, temperature is certainly an 
important one. Bimber et al. (1984) stated that the relative 
abundance of various length groups of alewife larvae entrained at 
the Cook Plant during 1975-1979 appeared to be related to water 
temperature, a pattern that seems to have held true during 1980- 
1982 as well. In 1980, a year of low overall abundance of 
alewife larvae, a nxomber of upwellings occurred (Fig. 6) 
resulting in monthly mean temperatures from April to December 
that were consistently below the 10~yr average (Table 21). 
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Figure 11. Density estimates of entrained fish larvae (no. /I, 000 
mM for alewife, spottail shiner, rainbow smelt, and yellow 
perch larvae, and fish eggs found in intake water used for 
condenser cooling at the D. C. Cook Plant, 1982. 
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Figure 11. Continued. 
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Table 21. Lake Michigan water temperatures (°C) measured 
at the St. Joseph Municipal Water Plant, 16 km north of 
the Cook Plant, 1973-1982; intake depth -6m. Data are 
monthly means of the daily average of maximxjm 
and minimum temperatures. 



Month 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



1973 0.5 0.6 4.2 7.1 10.6 17.9 18.8 19.7 16.4 15.7 

1974 1.2 1.1 3.7 7.5 11.3 14.9 17.2 16.5 16.2 13.3 

1975 1.3 1.1 2.1 5.4 10.9 16.2 19.5 15.5 17.3 14.5 

1976 1.1 2.1 5.4 9.6 11.0 16.7 19.2 20.5 18.0 14.6 

1977 1.1 1.1 3.5 8.7 12.4 14.7 18.6 18.5 15.9 12.1 

1978 1.7 1.4 1.5 5.6 10.2 13.7 14.1 17.9 18.4 14.0 10.1 

1979 1.3 1.8 2.6 6.6 10.6 14.1 18.0 19.5 17.3 14.5 10.3 5.4 

1980 3.0 2.4 2.4 5.9 9.8 14.3 16.7 16.4 15.2 12.4 7.2 2.6 

1981 0.9 1.2 3.2 8.2 9.8 15.4 14.8 19.2 18.2 12.0 8.5 3.6 

1982 1.2 0.7 1.8 6.3 10.7 13.7 18.5 20.1 18.5 14.4 8.9 5.8 

1973- 

1982 1.3 1.4 3.0 7.1 10.7 15.1 17.6 18.4 17.2 13.8 9.2 3.6 
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spawning apparently began late and ended early in that year as 
yolk-sac larvae were only present from 20-21 June to 30 July, 
which represents the shortest season of occurrence for alewife 
yolk-sac larvae in 8 years of entrainment sampling at the D. C. 
Cook Plant. Only 6% of entrained alewives were post-yolk-sac 
larvae in 1980. 

In comparison with 1980, the 1981 temperature profile was 
generally warmer and was much more stable, with only one major 
upwelling in July (Fig* 7). Yolk-sac larvae first appeared on 8- 
9 June and were present in entrainment samples until 26-27 
August. The upwelling in July may have extended the duration of 
spawning. Heuf elder et al. (1982) showed that upwelling events 
in Lake Michigan prolonged the period of occurrence of newly 
hatched larvae. A small percentage of the alewife larvae 
entrained in 1981 (14%) and 1982 (23%) were post-yolk-sac larvae. 

Diel distribution — Diel distribution of alewife larvae 
during 1980-1982 followed the same pattern established during 
1975-1979 sampling, i.e., they were entrained in higher numbers 
at night than during the day (Tables 25-27). Examination of 
June-August entrainment samples during 1976-1982 via ANOVA showed 
that diel period was highly significant for alewife larvae 
densities (Table 9). The annual proportions of larvae entrained 
at night during 1980-1982 were 72%, 60%, and 74%, respectively. 
The dusk-midnight sampling period produced the greatest abundance 
of alewife larvae during 1980-1982. Alewife larvae entrained 
during dusk-midnight sampling represented 55% of the total number 
of alewife larvae entrained in 1980 j, 38% in 1981, and 42% in 
1982. 



Field Collections — 

General trends — Alewife was the dominant fish species in 
field larvae samples during all 10 years of our study. 
Occurrence of alewife larvae in the study area was distinctly 
seasonal, corresponding to the period of warmer water 
temperatures, chiefly June through August or September (Figs. 6- 
8). In the beach zone, alewife larvae first appeared in April 
(1978), June (1973-1977, 1981, 1982), or July (1979) and were 
present every month until August (1982), September (1973, 1976, 
1981), October (1974, 1975, 1979), or November (1977, 1978, 
1980). 

In 1977 and 1980-1982 alewife larvae appeared in open water 
samples 1 month earlier than in beach zone samples. In 1978 
alewife larvae were collected in the beach zone in April and then 
not again until June when they were present both at the beach and 
in open water. In all other years, first appearance at beach and 
open water stations occurred during the same month (Figs. 12-16; 
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Tables 28-37). Month of peak abundance in the beach zone was 
July in 7 of the 10 years of our study, August in 2 years, and 
June in 1 year. 

In 5 of the 10 years of our study (1975, 1977-1980) peak 
abundances of alewife larvae at beach and open water stations 
occurred during the same month. Abundance peaks occurred earlier 
in open water than in the beach zone during 4 years (1973, 1974, 
1981, 1982). In 1976 peak abundance occurred in June in the 
beach zone and in July at open water stations. June, July, and 
August samples combined accounted for 90-99+% of all alewife 
larvae collected in every year except 1979, when June-August 
samples provided only 79% of the annual alewife catch. In all 
but 1 year (1974) annual mean densities for alewife larvae were 
higher in the beach zone than in open water. Mean densities (no. 
per 1,000 mM of alewife larvae in the beach zone for June-August 
samples combined during 1973-1982 were: 6,757, 793, 1,842, 2,497, 
2,740, 1,132, 870, 3,124, 400, and 2,255, respectively (N usually 
= 36). Mean densities (no. larvae per 1,000 m^) in the open 
water zone for June-August samples combined during 1973-1982 were 
respectively: 1,099, 1,603, 689, 550, 129, 39, 572, 255, 138, 
and 439 (N usually = 180). 

Mean densities differed significantly among years and among 
months at both beach and open water stations (ANOVA, p <0.0001 at 
both sets of stations for both year and month). Mean abundance 
did not differ significantly between Warren Dunes and the Cook 
Plant (ANOVA: beach - p = 0.3775; openwater - p = 0.5758), 
implying no detectable plant effect. 

Depth distribution — During 1980-1982 abundance of larval 
alewives at various depth contours followed the same pattern that 
was established during 1973-1979 sampling, i.e., alewife 
abundance generally declined with increasing bottom depth 
(Figs. 12-16, Table 38). Mean densities differed significantly 
among station depths (ANOVA; p <0.0001). On a yearly basis, 
alewife larvae abundance correlated more consistently with bottom 
depth than with any other parameter. Densities at beach and 6-m 
stations exceeded densities at 9-m stations in all years (1973- 
1982) and in all months except May 1981, when the only alewife 
larvae collected were at Cook station D (9 m) during night 
sampling. Alewife larvae were scarce at 21-m stations compared 
to high inshore abundances, presumably because spawning and 
hatching were concentrated inshore. Water temperature was shown 
to be an important correlate of larval fish abundance during 
1973-1979 sampling, with greatest abundances usually occurring in 
the zone (beach or openwater) where water temperatures were the 
highest (Bimber et al. 1984). This held true in July and August 
during 1980-1982 when temperatures were higher and larval alewife 
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abundance was greater in the beach zone than in open water « 
However, during the early part of the season (May-June) no such 
pattern could be discerned. 

Table 38. Mean densities (no. per 1,000 mM of alewife 
larvae by depth contour (pooled over strata, month, and diel 
period) during 1980-1982. Values given represent 
June, July, and August samples combined. (No 21-m 
stations were sampled in 1982.) N = sample size. 





Bottom 
Contour (N) 




Year 




1980 


1981 


1982 


1 m (36) 

6 m (72) 

9 m (60) 

21 m (48) 


3,124 
387 
214 
115 


401 

233 

132 

4 


2,255 

768 

396 

ND 



Diel distribution — There was not a consistent pattern of 
diel distribution for alewife larvae in the beach zone. During 4 
years (1973, 1977, 1981, 1982) more larval alewives were caught 
during the day than at night at beach stations and during 6 years 
(1974-1976, 1978-1980) more were caught during night sampling. 
The diel factor was not significant for larval alewife densities 
in the beach zone over the 10-yr study period (ANOVA; p = 
0.1195). Diel period was shown to be significant, however, when 
examined by month (p = 0.0007). Sampling in the beach zone 
produced more alewife larvae at night than during the day in June 
and July, but in August alewives were most abundant during the 
day. 

In contrast, there was a consistent change in abundance of 
alewife larvae with diel period in the open water zone. Larval 
alewife densities were greater at night than during the day 
throughout the season in nearly every year (Tables 39-41). Only 
in June and July 1977 and 1980 and August 1978 did daytime 
catches exceed night catches. In two of those instances (July 
1977 and August 1978) the reversal probably occurred because 
night samples were taken more than 2 wk later than day samples, 
on dates outside the period of peak alewife abundance. The Diel 
factor was shown to be highly significant (p <0.0001) for larval 
alewife densities in the open water zone. 
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Figure 12. Mean densities (no. /I, 000 mM of alewife larvae by 
depth contour, 1973 and 1974. Beach = stationsA, B, and F; 6-m 
contour = stations C, G, and R; 9-m contour = stations D and H. 
(No 21~m stations were sampled in 1973 or 1974.) 
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Figure 13. Mean densities (no. /1, 000 mO of alewife larvae by 
depth contour, 1975 and 1976. Beach = stations A, B, and F; 
6-m contour = stations C, G, and R; 9-m contour = stations D 
and H; 21-m contour = stations E and W. 
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Figure 14. Mean densities (no. /I, 000 m^) of alewife larvae by 
depth contour, 1977 and 1978. Beach = stations A, B, and F; 
6-m contour = stations C/ G, and R; 9--m contour = stations D 
and H; 21-m contour = stations E and W. 
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Figure 15. Mean densities (no. /I, 000 m') of alewife larvae by 
depth contour, 1979 and 1980. Beach = stations A, B, and F; 
6-m contour = stations C, G, and R; 9-m contour = stations D 
and H; 21-m contour = stations E and W. 
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Figure 16* Mean densities (no. /I, 000 m^) of alewife larvae 
by depth contour, 1981 and 1982. Beach = stations A, B, and 
F; 6-m contour = stations C, G, and R; 9-m contour = 
stations D and H; 21-m contour = stations E and W. {21-m 
stations were not sampled after May, 1982.) 
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The most important source of the increased abundance of 
larval alewives at night was probably that they avoided nets more 
effectively in daylight. Avoidance capabilities increase as 
larvae grow and develop their swimming ability and vision (Houde 
1969, Theilacker and Dorsey 1980). Our data provide evidence for 
daytime net avoidance as samples collected at night usually 
contained more large larvae than those collected during the day 
(Tables 39-41). Bimber et al. (1984) showed that during 1973- 
1979 the proportion of alewife larvae captured at night in the 
open water zone increased with body size, indicating that 
nighttime catches estimated abundance more reliably than daytime 
catches, at least for larger larvae* The same pattern was 
evident in our 1980-1982 data from the open water zone (Table 
42). 

Table 42. Night-to-day catch ratios (% caught at night) 
for different size groups of alewives in field samples 
during 1980-1982. Percentages are based on total densities 
(no. per 1,000 m^) which were summed across all samples and 
all years at 6-, 9-, and 21-m open water stations C, D, G, 
H, E, R, and W and beach stations A, B, and F. N = 1,308. 

Habitat 
Length 



interval (mm) Open Water Beach 



0-8.0 55 28 

8.1-16.0 78 13 

16.1-25.0 92 6 



The opposite was true in the beach zone however, as the 
proportion of larvae caught at night decreased sharply with 
increasing size (Table 42). The same trend was evident in data 
from the beach zone in 1973-1979 and it was suggested that the 
greater abundance of larger larvae in beach samples during the 
day may be the result of a daily migration between the beach and 
open water zones by larvae >8 mm TL' resulting in few larvae 
present in the beach zone at night (Bimber et al. 1984, Jude et 
al. 1979b). 

Length-frequencies — Seasonal changes in the length- 
frequemcy distribution of larval alewives helped show pulses of 
spawning and tracked growth. Length-frequency histograms for 
1980-1982 (Fig, 17-19) showed the same three seasonal changes 
that were evident in 1973-1979, i.e., (1) mean length increased 
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through the season as larvae grew, (2) the abundance peak at the 
lower end of the distribution became less pronounced by August, 
as spawning declined and newly hatched larvae became scarce and, 
(3) the greatest range of sizes occurred in midsiammer when both 
newly hatched and older larvae were present « 

Spottail Shiner 

Entrainment — 

General trends — Approximately 67 million spottail shiner 
larvae were entrained at the Cook Plant during 1975-1982, making 
them the second-most-commonly entrained fish species (Table 13). 
Annual entrainment loss estimates ranged from 0.9 million (1976) 
to 28.2 million (1982) larvae. Although they were the second- 
most-abundant species in entrainment samples, spottail shiners 
only accounted for between 1.3% (1979) and 22.9% (1980) of total 
annual entrainment estimateSo Overall, for the period 1975-1982, 
spottail shiner larvae represented 9% of the total projected 
entrainment loss. 

The reduced vulnerability of spottail shiner larvae to 
entrainment compared with alewives probably results from several 
aspects of spottail shiner ecology as well as their relative 
abundance in the vicinity of the Cook Plant. Spottail shiner 
spawning is concentrated in nearshore waters (Tesar et al. 1985, 
Wells and House 1974) so peak hatching presumably occurs away 
from the realm of influence of the intakes (7-m depth contour). 
In addition, abundance of spottail shiner larvae in bottom sled 
tow samples taken at the Cook Plant in 1974 (Jude et al. 1979b) 
and at the J. H. Campbell Plant near Grand Haven, Mi. during 
1977-1980 (Jude et al. 1981) suggests that they are largely 
demersal, further reducing their susceptibility to entrainment 
compared with the pelagic alewife larvae. Finally, spottail 
shiner adults were less abundant in the study areas than were 
alewife adults (Tesar et al. 1985) and as a result of that fact 
alone, we would expect fewer spottail shiner than alewife larvae 
entrained. 

Spottail shiner larvae first appeared in entrainment samples 
in May (1981) or early to mid-June (all other years) and were 
present until late July (1977,1980), August (1975, 1978, 1979, 
1981), September (1982), or even October (1976). Peak abundance 
of entrained spottail shiners generally occurred in June (1977, 
1981, 1982) or July (1975, 1976, 1978, 1980), but sometimes 
occurred as late as August (1979). Greatest 24-h mean densities 
(number per 1,000 mO during 1975-1982 were 93 (15-18 July), 8 
(12-16 July), 106 (21-23 June), 10 (7-8 August), 10 (1-2 August), 
732 (14-15 July), 134 (15-16 June), and 153 (29 June-1 July), 
respectively (Tables 18-20; Bimber et al. 1984). Greatest 
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Figure 17 • Length-frequency distribution of alewife larvae in 
the beach zone, 1980-1982. 
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Figure 17. Continued. 

individual sample densities (number per 1,000 ra') in each year 
were 354 (16 July 1975), 81 (4 August 1976), 511 (21 June 1977), 
126 (19 July 1978), 111 (6 August 1979), 2,710 (15 July 1980), 
471 (16 June 1981), and 932 (24 June 1982). 

.Spottail shiner larvae were more commonly entrained at night 
than during the day in every year of our study. Annual 
percentages of larval spottail shiners entrained during darkness 
were 90, 78, 90, 84, 82, 97, 76, and 96 for the years 1975-1982 
respectively (Tables 25-27; Bimber et al. 1984). 

Length-frequency distributions for spottail shiners 
entrained during 1980-1982 were very similar to 1975-1979 
distributions. In 1980-1982 the smallest spottails collected in 
entrainment samples fell into the 3-mm interval (2.1-3.0 mm TL) 
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Figure 18. Length-frequency distribution of alewife larvae at 
6- and 9-m stations, 1980-1982. 
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Figure 18. Continued. 
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Figure 18. Continued. 



89 



u 



JULY 1980 

Stotiont C.W 

21m 

Cook ond Warr«n Oun«e 

DAY 



5.5 (0.2) 
148 



lUlillif 



JULY 1980 

Stations C.W 

21m 

Cook and Worrcn Oun«« 

NtGHT 

X-10.0 (0.3) 

N« 89 



iii|ii llllll|ll{. i. |il iilii 



I, 



AUGUST 1980 

Stations E.W 

21m 

Cook and >ltarft% Dunas 

DAY 

X« 7.0 (0.0) 

N- 1 



AUGUST 1980 

Stations £,W 

21m 

Cook and Worrsn Dun«8 

NIGHT 

X-11.2 (4 7) 

N- 3 



LJ 
O 

Ld 
Q. 



20 25 



2S 



2S 











o 






AUGUST 1981 


40- 


°\\o 

JULY 1981 6 5 


AUGUST 1981 


9 


St ot ions E.W 




Stations E.W 

21m 

Cook and Warrsn / 


9 


21m 

Cook and Worrsn Oun«c 




St ot ions E.W "V 
21m 4i 


7 




NIGHT 


30- 


Cook and 




Dunes 






X-112 (2.6) 




Worrsn Ounss 




DAY 






N» 4 






NtGHT 




X-18.5 (0.0) 










20- 


X-13.7 (0.2) 
N« 2 




N- 2 












W- 



















10 15 20 25 



TOTAL LENGTH (MM) 



Figure 19, Length-frequency distribution of alewife larvae 
at 21-m stations, 1980-1981. (21-m stations were not sam- 
pled in 1982.) 

and the largest within the 14-mm interval (13el-14.0 mm) (Tables 
25-27), but larger larvae were relatively rare. The majority 
(74%) of entrained spottail shiners were <5 mm TL, and therefore 
newly hatched. Spottail shiners entrained during 1975-1979 
ranged in length from 2.1-3.0 mm to 11.1-12.0 mm with 73% 
measuring <5 mm (Bimber et al. 1984). 

Field Collections — • 

General trends — Occurrence of larval spottail shiners in 
our study areas was sharply seasonal like that of alewife, and 
corresponded with the period of maximum water temperatures 
(Figs. 6-8). Spottail shiner larvae first appeared at beach 
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stations in June during all years except 1977, when they were not 
present until the July sampling period. June was the month of 
first appearance in the open water zone as well, except for 1977 
(July) and 1981 (May). Peak abundances of spottail shiner larvae 
in the beach zone occurred in June (1973, 1975, 1976, 1978), July 
(1974, 1977, 1979, 1980, 1982), or August (1981). During 7 of 
the 10 years of our study spottail shiner abundance peaked in the 
open water zone during the same month as in the beach zone. In 
1975, abundance at open water stations peaked during July, and in 
1981 and 1982 during June. Spottail shiner larvae were present 
in beach zone samples until August of every year except 1974, 
when they were still found during September. 

Densities of spottail shiner larvae in the beach zone 
differed significantly among years (ANOVA, p <0.0001). Geometric 
mean densities (number per 1,000 m^) for June-August night 
samplers only, averaged over 1973-1982, were 41,. 1,142, 518, 177, 
41, 36, 487, 126, 309, and 86, respectively. It is possible that 
our once-per-month sampling program sometimes caught and 
sometimes missed the period of peak abundance. Densities of 
spottail larvae in nighttime beach zone samples did not differ 
significantly between Cook Plant and Warren Dunes stations during 
1973-1982 (ANOVA, p = 0.8415), implying no detectable plant 
impact. 

Spottail shiner larvae were considerably less abundant in 
open water than in the beach zone (Tables 43-52). At open water 
stations, relative abundance was estimated by the number of 
samples in which spottail shiner larvae occurred. Larvae were 
found in 12 (of 280) samples in 1974, 21 (of 380) samples in 
1975, 9 (of 360) in 1979, 16 (of 360) in both 1980 and 1981, 14 
(of 300) in 1982, and in 4 or fewer in other years (annual sample 
size - about 360). Most samples from open water stations 
contained no spottail shiner larvae, thus precluding comparisons 
of densities at beach and open water stations. 

A decrease in abundance of spottail larvae with increasing 
depth was evident by comparing the number of samples containing 
spottail shiner larvae at different depth contours. During the 
period 1973-1982 (1975-1981 for 21-m depth), 6-m stations C and G 
(N = 16/mo) produced 55 such samples, 9-m stations D and H (N = 
20/mo) produced 20, and 21-m stations E and W (N = 16/mo) 
produced 3. 

More spottail shiner larvae were caught at night than during 
the day in all years at beach stations, and in all years except 
1977 and 1978 at open water stations (Tables 53-55, Appendices 4- 
6; Bimber et al. 1984). Most daytime samples contained no 
spottail shiner larvae at all. During 1973-1982, 81% of the 
beach zone samples and 83% of the open water samples that 
contained spottail shiner larvae were collected at night. This 
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diel difference in abundance is attributed to net avoidance « No 
larvae larger than 8,0 mm TL were captured during day sampling in 
1980-1982, while large larvae were relatively common at night 
(Tables 53-55), adding weight to the theory of daytime net 
avoidance. A similar pattern was observed during 1973-1979 
(Bimber et alo 1984). 

Spottail shiner larvae were abundant enough in the beach 
zone during 1980-1982 to show seasonal changes in size 
distribution, outlining the schedule of hatching and growth 
(Fig. 20). As in 1973-1979, newly hatched larvae (4-5 mm TL, 
Auer 1982) first appeared in June and were present until July or 
August (Figs. 6-8). Spottail shiner larvae were absent from 
beach zone samples from September and October probably because 
the hatching period had ended by that time, and most larvae had 
grown to a large enough size to effectively avoid our nets. 

Rainbow Smelt 

Entrainment — 

Rainbow smelt larvae were the third-most-abundant larvae 
entrained, accounting for 4.8% of the total entrainment estimates 
of 35.2 million larvae during 1975-1982 (Table 13). Yearly 
entrainment estimates of rainbow smelt larvae ranged from 0.18 
million larvae in 1977 to 18.5 million in 1982. High entrainment 
during 1980-1982 (33.1 million larvae over the 3 years) was due 
in part to the high abundance of rainbow smelt larvae in the 
inshore area during this period (Appendices 4-6). Relatively 
large quantities of water used for cooling during 1980-1982 
(Table 14) also contributed to the high entrainment losses. 
Substantial increases in water pximped through the intake occurred 
in May and June when rainbow smelt larvae were most abundant in 
the inshore area. In 1975, despite the relatively abundant 
populations of rainbow smelt larvae, only a moderate entrainment 
loss of this species (1.3 million larvae) occurred due to 
relatively low amounts of water used for cooling. Low 
entrainment of rainbow smelt larvae during 1976-1979 resulted 
from scarcity of larvae in the inshore water. 

As was found with field distribution, entrainment of rainbow 
smelt larvae occurred from April to August. Monthly entrainment 
estimates of rainbow smelt larvae ranged from to 10.8 million. 
Peak entrainment was observed in April during 1976, May during 
1975 and 1980-1982, June during 1978, and July during 1977 and 
1979 (Tables 15-17; Bimber et al. 1984). Most larvae were 
entrained during May. In years when rainbow smelt larvae were 
abundant, as in 1975 and 1980-1982, however, substantial numbers 
were also entrained during June. Entrainment was generally low 
during July and August. Peak entrainment densities during a 24-h 
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Figure 20. Seasonal growth of spottail shiner larvae in the 
beach zone, 1980-1982. 
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period for each year varied greatly, ranging from 3 larvae/1,000 
m^ during 6-7 July 1977 to 158 larvae/1,000 m^ during 10-11 May 
1982. 

Like many other species of fish, rainbow smelt are most 
susceptible to entrainment soon after hatching. During 1975- 
1982, with the exception of 1977 and 1982, larvae <8 mm 
represented more than 50% of the total number of rainbow smelt 
larvae entrained (Tables 25-27; Bimber et al. 1984). These 
smaller larvae were entrained over a short period of time, mostly 
during May. Entrainment of larvae <8 mm lasted 1 to 2 wk during 

1976, 1977, 1979, 1980, and 1982 and 3 to 4 wk in 1975, 1978, and 
1981. Rainbow smelt larvae >8 mm were entrained mostly during 
June and July. Larger larvae (>17 imn) were entrained in 
substantial numbers, accounting for 14 to 78% of total rainbow 
smelt larvae entrainment during 1975-1982; whereas, larvae 9-17 
mm made up only from to 25% of the total number of rainbow 
smelt entrained. Relatively higher susceptibility of larvae >17 
mm to entrainment may be due to their concentration near intake 
structure depths. Rainbow smelt larvae were entrained more 
commonly at night than during the day. 

Field Collections — 

Rainbow smelt larvae occurred in field samples over a short 
period in spring and summer. During 1973-1982, rainbow smelt 
larvae were generally first collected during May, except in 1973 
when they first appeared during April (Appendices 4-6; Bimber et 
al. 1984). Rainbow smelt larvae were also found in entrainment 
samples during April in 1976, 1977, and 1979. These data 
indicated that early hatching of rainbow smelt larvae occurred 
more commonly near the Cook Plant than near the Campbell Plant 
(Jude et al. 1982, Tin and Jude 1983). Abundance of rainbow 
smelt larvae generally peaked in May and began to decline in 
June. Monthly densities ranged from to 424 larvae/1,000 m^ in 
May and from to 149 larvae/1,000 m^ in June during 1973-1982. 
No rainbow smelt larvae were collected in June 1974 and 1975. 
Rainbow smelt larvae were scarce in summer. They were collected 
in July, only during 1978-1980 and 1982, and in August, only 
during 1979-1982 (Tables 56-65). 

Rainbow smelt larvae were generally more abundant in the 
beach zone than in open water during May, except in May 1976, 

1977, and 1981 when catches were higher in the open water than at 
beach stations. During May 1973-1975 and 1978-1982, densities 
ranged from 16 to 957 larvae/1,000 m^ in the beach and from 1.5 
to 150 larvae/1,000 m^ in the open water. During June-August, 
more larvae were collected in the open water than in the beach 
zone (Tables 56-65, Appendices 4-6) « These data suggested that 
rainbow smelt first hatched in the beach zone and moved to deeper 
water soon after hatching. This suggestion was supported by 
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length-frequency data (Tables 56-65). In years with enough fish 
to draw conclusions, 1974, 1975, and 1977-1982, larvae taken at 
beach stations averaged slightly smaller than those collected in 
open water (Tables 56-65). In 1974, when sampling was conducted 
weekly in May, rainbow smelt larvae appeared in the beach zone 2 
weeks earlier than in open water. Absence of rainbow smelt 
larvae at the beach in May 1976 and 1977 probably resulted from 
dispersal of all larvae to offshore areas before May sampling. 

Beach and open water catches varied considerably over the 
study period. The ANOVA of data collected in May during 1974- 
1975 and 1980-1982, showed significant density differences among 
years both in the beach zone and in open water (p = 0.0001). 
Highly variable densities in May were probably due to variations 
in the start of the spawning run (Rupp 1959), incubation period 
of rainbow smelt eggs at different temperatures (McKenzie 1964), 
and rapid dispersal of rainbow smelt larvae from the hatching 
site (Tin and Jude 1)83). Data from 1976 to 1979 were not used 
in the statistical analysis due to low catches. Beach catches 
during 1974, 1975, and 1980-1982 did not differ significantly 
between Cook and Warren Dunes stations (ANOVA, p = 0.48). In the 
open water, densities at Cook were significantly higher than at 
Warren Dunes (ANOVA, p = 0.0015) when preoperational and 
operational years were combined (1974, 1975, and 1980-1982). 
This significance was due to the unusually high catches at 6 and 
9 m during May 1974 (Bimber et al. 1984). During operational 
years (1975 and 1980-1982), however, no significant difference 
between Cook and Warren Dunes open water stations (C and D vs. G 
and H) was observed (Kruskal-Wallis, p = 0.02). These data 
suggested no plant impact on larval rainbow smelt populations. 

Rainbow smelt larvae ranged from 3.5 to 8 mm during May and 
from 4.5 to 22 mm during June. Near the Campbell Plant, 105 km 
north of the Cook Plant, substantial hatching of rainbow smelt 
larvae took place in late June (Tin and Jude 1983). Scarcity of 
newly hatched rainbow smelt larvae (<6 mm) in June during 1973- 
1982 (Tables 56-65) suggested little late hatching near the Cook 
Plant. Most larvae collected in June were 11-15 mm. 

Rainbow smelt larvae were equally abundant at 6- and 9-m 
stations, but less common at 21-m stations. During 1973-1974 and 
1977-1982, rainbow smelt larvae densities were 67 larvae/1,000 m^ 
at stations C and G (6 m) and 50 larvae/1,000 m^ at stations D 
and H (9m). The ANOVA, however, showed no significant 
difference in densities between the two depths (p = 0.024). 
Substantially lower densities (0.7 to 8 larvae/1,000 mM were 
observed at 21 m (stations E and W) during 1980, 1981, and 1982. 
Rainbow smelt larvae occurred nearly uniformly through the water 
column at 6- and 9-m stations, except for their absence from the 
surface in the day time. Rainbow smelt were generally more 
abundant in night samples than during the day (Tables 66-68). 
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Yellow Perch 

Entrainment — 

During 1975-1982^ yellow perch larvae accounted for 1.8% 
(13.4 million) of total entrainment estimates. Yearly 
entrainment estimates fluctuated considerably, ranging from 
38,000 larvae in 1976 to 5.0 million larvae in 1982 (Table 13, 
Fig. 5). In most cases, the number of yellow perch larvae 
entrained appeared to be related to larval yellow perch abundance 
in inshore water. Low entrainment generally occurred during 
years when low larval yellow perch densities were observed in 
field samples (1975, 1976, 1979, and 1980), whereas, high 
entrainment rates occurred during periods of high larval yellow 
perch abundance (1977 and 1982). Substantial numbers of yellow 
perch larvae were entrained, however, in 1978 and 1981 when low 
larval yellow perch populations were observed in inshore areas. 

Yellow perch larvae were found in entrainment samples from 
April to August, with most being observed in June. Perch larvae 
were entrained in April, only during 1975 and 1976, and in May, 
only during 1977, 1978, 1980, and 1981. They occurred in June 
entrainment samples every year during 1975-1982. Monthly 
entrainment estimates ranged from to 200,000 larvae during 
April and May, and from 29,000 to 4.9 million during June (Tables 
15-17; Bimber et al. 1984). Entrainment continued at low levels 
in July every year, except in July 1982 when no perch larvae were 
entrained. No yellow perch larvae were found in August 
entrainment samples, except in 1982. Densities in 24-h 
entrainment samples were generally highest during June (Figs. 9- 
11), except in 1975, when the peak occurred in July. Peak 
densities in a 24-h period ranged from 0.1 to 74 larvae/1,000 m^. 

Although larval yellow perch collected in entrainment 
samples during 1975-1982 ranged in length from 3 to 11 mm, the 
vast majority (98%) were newly hatched (<7 mm TL). Elevated 
susceptibility to entrainment for hatchlings compared with older, 
larger larvae, occurs for many fish species, particularly yellow 
perch larvae, which are planktonic when newly hatched (Houde 
1969). Decline in entrainment rates as larvae attain greater 
size is likely the result of a combination of factors including 
increased avoidance capabilities, a possible shift in 
distribution away from the influence of intakes, and natural 
mortality. Since newly hatched yellow perch larvae are usually 5 
to 6 mm (Auer 1982) and normally grow about 0.5 mm per day 
(Mansueti 1964), the largest perch larvae entrained were less 
than 2 wk old. 

More yellow perch larvae were entrained at night than during 
the day in all years, except 1976 and 1981. Their ability to 
avoid intakes during the day and less so at night probably 
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contributed to this phenomenon. In 1975, 1978, 1979, and 1980, 
greatest mean annual density occurred during dusk-midnight 
sampling. Midnight-dawn samples showed greatest annual mean 
density of yellow perch larvae in 1977 and 1982. Greatest annual 
mean density in 1976 and 1981 occurred during noon-dusk sampling. 
In 1976, the year of lowest total projected entrainment for 
yellow perch, no yellow perch larvae were entrained at night. 
Densities of entrained yellow perch were generally lowest during 
dawn-noon sampling. 

Field Collections — 

The season of occurrence of yellow perch larvae was usually 
shorter and began earlier than those of alewife and spottail 
shiner. Yellow perch larvae were first collected during April in 
1973 and 1978, May in 1979-1981, June in 1974-1977 and 1982 
(Figs. 6-8; Bimber et al. 1984). Since adult yellow perch in the 
study area ordinarily did not attain spawning conditions until 
May, the early larvae probably entered Lake Michigan from inland 
lakes or rivers, where spawning begins sooner than in Lake 
Michigan (Perrone et al. 1983). Yellow perch larvae were 
generally scarce during April and May, with densities ranging 
from to 22.6 larvae/1,000 m^ (Appendices 4-6). They were found 
in April, only during 1973 and 1978, and in May, only during 1973 
and 1978-1981. The month of peak abundance was generally June as 
was observed in 1973, 1975, 1977-1979 and 1982. Highest 
densities occurred during May in 1980 and 1981, and during July 
in 1976 (Appendices 4-6; Bimber et al. 1984). Peak monthly 
densities ranged from 0.9 larvae/1,000 m^ in July 1976 to 205 
larvae/1,000 m^ during June 1982. Larvae were scarce during July 
and August (Tables 69-78), presumably due to net avoidance. 

During April, yellow perch larvae were taken only in open 
water. During May, they were more common in the beach zone than 
in open water. During June, more larvae were collected in the 
open water, except in 1978, 1979, 1980, and 1981 when higher 
densities were observed at beach stations. Larval yellow perch 
densities in the beach varied greatly, ranging from to 91 
larvae/1,000 m^ in May and from to 324 larvae/1,000 m^ in June. 
In the open water, yellow perch larvae occurred in May samples 
only during 1981, but were collected in June every year during 
1973-1982. All yellow perch larvae caught in July and August 
were found in open water. 

Densities of yellow perch larvae in open water during June 
were significantly different among years (ANOVA, p <0.0001). 
This significance was due to highly variable open water densities 
(7 to 167 larvae/1,000 mM . The ANOVA was based on data 
collected during 1973, 1974, and 1977-1982. Catches of yellow 
perch larvae during 1975 and 1976 were too low for statistical 

123 



^ £ 

E C 

O ^ O 

O (U C 

O £. 0) 

" (0 N 

-v. CO 

. I— +-» 
O (0 (0 

c > o 

>-^ J. -^ 

0) V 

W V c 

OJ c - 

4J (0 

-r- r ^ 

W -H c 
C O) (0 
fl) c - 

c 

(0 

e CO -J 

0) 
Q) -- E 
(0 E 

> - 

L. C O 
(0 (0 • 
^ OJID 

r r o 
o o -H 

0) s -^ 
a 

O (Q E 

— -JO 

— L. 
Q) C «♦- 

> L. 

0) . 

M- "H (0 to 

O (0 > 0) 

(0 C U) 

C 0) (Q 0) 

o r '- r 

•^4^ •♦-♦ 

V 3 - C 

3 0—® 

A (0 (Q £. 

— (0 

£. - M a 

■H -P 0) 
OT C XJ C 
■^(0 3-^ 
T3 - - 

> C t. 

O ^ -^ <D 
C O 

0) O »- to 

3 O (0 0) 

CT > N 

. t, -^ 

L. U 0) W 

1 . C (D 

r Q - - 
■H a 

CAO) E E 
C £ E (0 

0) 4-* I CO 

^ in 

CO (D • 

• © JC W 

0) C -H ® 

(0 — 

Q) r • - 

— o) O) w 

XJ 3 • C 
(0 (Q O ® 
H O wX3 



(0 
> 

0) 



CD 

c 
a) 



CM 



CM 



CM 



CM 
CM 



O 
CM 

0) 

^— 

00 

in 

CO 

CM 



o 

Oi 

00 

1^ 

(0 

in 

CO 
CM 



CM 



tn 

CM CO 

o 



O CMCMCMCMCMCMCMO UJ 

UJ S^ ^^ >-• W W >-^ N-' ^-^ < 

QQ 3 



O 



a«333a)oo 
ooooOOoe^Oin 

««- "^ CM CM I I V- ^ 

> i i I CO (J? I 

CO t^ 0) 0) ^ 



o 



CM CM <0 CD (0 CM (P 
CO CO CO CO CO CO CO 



a (0 3 3 3 0) o 

< 2 -3 -3 < vn O 

0) in 0) t*- CM CO h- 

CM -•- -r- "•- CM -^ CM 

i I I I I I 

00 00 (P '^ t^ CO 

CM -r- ^ CM -^ CM 



(P 
CM 



124 







in 






CM 


/-K E 






,*-». E 




"* 


ft 




CM 


E C 










n 


q"" 




CM 


O 0) £. 






O £- CD 




CM 


- (0 N 




CM 


▼- 






\ to © 




f" 


• .- -H 




CM 


<0 <3 






C > O 












0) T3 




o 


03 +^ C 




CM 


j! ^"" 










0) 


•M (0 




▼- 


- r ^ 






W -H C 




CO 


C O)(0 






0) c - 






T3 0) OQ 




t^ 


-J 






c 






(0 


^-s 


(p 


0) .^ 


E 




E -^ -J 


E 




wr-* H- 


>«^ 




2 








•— 


in 


(0 E 


(0 




> » 


> 




£- C O 


£- 


^ 


(0 (0 • 


CD 


^-> 


- OJID 


■H 






c 


CO 


r r 






V 






L. — 


r 


CM 


(U 2 "- 


4-* 




a 


0» 




0) Tf 


c 


▼- 


5 ji: 


(D 


^» 


(Q E 


-J 




- -J 






r~ t. 






0) C ^- 




o 


> t- 






0) 0) . 






«»- -H (0 W 




Oi 


W > 0) 






(Q {. (0 






C 0) (Q 




GO 


n - r 






•^ -M V 






•M 3 - C 




r^ 


D O - 0) 






13 0) (0 c 






- (0 




(p 


J. - w a 






■H -H 0) 






W C T5 C 






-(0 3-^ 






•0 ^ - 




m 


a (D 






> C £- 






Jsi -^ <0 




^ 


C 






»- w 






3 <J (0 0) 




n 


0" > N 






0) • t. -^ 






£. O 0) CO 




CM 


«*- -H 






1 -CO) 






i: Q - - 






•H a 






0)0) E E 






en E (0 






0) -H 1 C/) 






-J in 






c 




^-^ 


(0 (D . 




z 


• CD r CO 




>—' 


O C -M 0) 






r-^ — 







4-» • 4J 




♦^ 


CD x: • -^ 




(Q 


— 0) C3) CO 




Q 


XJ 3 • C 






(0 (0 CD CD 






h- O WD 










cn 
in 



in 



O- 
in • 



U CMCMCMCMCMCM-^CM 

< ^^^^^^^^ 

LU Si-' >.• "*«• >«^ >i^ ^^^ >»f N^ 
QQ 

a<O3330OO 
<S-D-D<t/)OZ 

Ot^CMt^0)0>0)CD 

CM "- -r- "T- "T- I CM 

I I I I GO 

CO in *- to 



Qj t0U>tOU)COtDt0 



h- 


CO CO C^ CO CO CO CO 


< 




3 






L. >c ^ 0) a-H 


z 


a (0 3 3 3 ® 


UJ 


< S -D "D < to O 


CL 




o 


t^ ^ CM 0) O O CO 




-.-<.-•»- 1 CM -^ 1 




1 1 1 r«* 1 1 t^ 




to CO "- 0) CJ) 



125 







ID 






CM 






^ 






CM 


""^ E 






■'•^^ £ 




CO 


n 




CM 


E C 










CM 


O "" 




CM 


O 0) £- 






O t. Q) 




^— 


•> (0 N 




CM 


▼- 






v^ W Q) 




* 


• r- +J 






<0 «J 




o 


C > 




CM 


w L, "^ 






0) T3 




0) 


W -H C 




■5— 


(DC- 






f«" f- 




00 


+^ w 






- r j^ 






W V c 




t** 


C C3) flJ 




T- 


0) c »- 






"D Q) 00 


.^-v 


u> 


-J 


E 


^- 


c 


E 




(0 


>^^ 




0) "-^ 






E LO -J 


«— 


ID 


w tv. J_ 


(0 


^r- 


0) 


> 




0) ^ E 


£. 


'^ 


(Q E 


Q> 




> - 


4-» 




L. CO 


c 


CO 


«3 (0 • 




^r= 


- 0)in 








JC 


CM 


r r 


•M 


■*-> 


U -M 


Oi 




J- -^ 


c 


^-' 


0) s -^ 


0) 


"^ 


a 


-1 




0) ^ 






3 ^ 






(0 E 




o 


'"•—JO 






— £- 






0) C M- 




0) 


> L. 






0) a) • 






M» -H (0 W 




(» 


O (0 > 0) 






(0 £. CO 






C Q) (0 0) 




r* 


r - r 






••-+•» V 






^ D ^ C 




iD 


3 0^0) 






12 CA (0 L. 






•^ (0 






J- « w a 






+rf 4-# 0) 




ID 


w c -0 C 






-(0 3- 






T3 '^ ^ 




•^ 


Q. U Q) 






> C £- 






J^ — (0 




CO 


C 






— w 






3 U (0 0) 




CM 


O" > N 






(U . L. - 






£. O 0) (0 






M- -H 






i 'CO 




r Q - - 




•H a 




0) (U E E 




c r E (0 




Q) •H 1 CO 


/-< 


U ID 


z 


L, 




cd ® • 




« Q) H « 


CD 


- C V 0) 


-♦«• 


l^ M- 


(Q 


4d « +J 


O 


or • - 




— C3) C3) CO 




D 3 • C 




(Q (0 0) CD 




h- OWD 







CJ CMC4CMCMCMCMCMCM LU 

LU W N-^ >-<>-'>-' w w ^.^ < 

03 



L. > c — o) av > 

a<0333(DOO 
<2-D"3<t/50Z 

ID^'^IOCOO^^ 

II lit 

CO cn -^ 0) CO 
V- CM ^ ^ 



LU 
Q. 
O 



O O O O O O CD 
(0 U> (0 C0 U) CJD ID 



L. > C .- CD a-H 
a CO 3 3 3 Q) O 
< S -D -D < C/> O 

to ID — <D CO — t*» 

> I I I I I I 
^ CO O ID CM O to 



126 



-*-\ 


E 






,^-K 


E 






r» 








E 


C 






o 









Q 


0) 


J- 




o 


c 


0) 




» 


(Q 


N 




■*- 








^ 


0} 


(P 






»<— 


-H 







(Q 


(Q 




c 


> 









L. 








Q> XJ 




UJ 


+^ 


C 




0) 


C 














•H 




CO 




•f- 


JC ^ 




w 


•H 


c 




c 


0) (0 







c 


r» 




13 


QQ 






-! 






c 








(0 








Q) 




^-K 




E CC -J 






t^ H 






0) 






0) 




E 




(Q 




E 




> 


. 






£. 


CO 




(0 


<0 








D)in 












r 


r 










u 


-M 




L. 


•»- 






0) s 


T- 




a 










(D '^ 




3 ^ 









(0 


E 






J 







r-> 




£. 




(!) 


C 


^- 




> t. 








(1) 


0) 




H. 


+J 


(0 


w 





OT 


> 







(0 


L. 


(0 


c 


0) 


(0 


(D 


JC 




r 




4J 




+^ 


•H 


3 


r» 


c 


3 


o 


P- 


0) 


13 


U) 


(0 


£- 








(0 


C 


- 


w 


a 


V 


V 


0) 




(0 


C U 


c 


•r- 


(Q 


3 




T3 










OL 





Q) 


> 




c 


£. 


O ^ 




(0 


c 









0) 





f— 


(0 


D U 


(0 


(U 


cr 




> 


N 


0} 




£- 


•1— 


1. o 


0) 


CO 


«f. 




•M 




1 




c 


(D 


r o 






-H 






Q. 


0) 0) 


g 


E 


c r 


g 


<Q 


0) 


■H 


1 


C/) 


-J 


t. 


in 






(0 


(D 


• 




Q) r 


CO 




c 


4-» 


V 




V 


• 


+J 


Q) r 








oj 0) w 


s 


D 




c 


(0 


flj 


0) 


0) 


K 


o 




■0 



V 
CN CM 



U CMCMCMCMCM<NCMCS LU 

^ ^^^^^.^^^ ^ 

UJ s^>-«'w>-^w>-^'w^^ < 

(3Q 3 

£- >vC^ cna-H > 

a(033DQ)OO Z 

<2-D-D<«/)OZ Ul 

Q. 

COO^OO'^tOICO O 

I III 

CN 0) Cn "^ 



O O "^ O O rr in 
u) (0 in (0 (x> Tf CO 



c > c r- oj a-M 

a <0 3 3 3 0) o 

< 2 "3 "D < t/) O 

-* -^f CM t^ "^ in 0) 

'r- T- CM -^ -^ T- ^ 

III oil 

CO CM "^ in o ^ 

-^ "- CM •»- ^ "- 
I 
CO 



127 







in 






CM 






'^ 






CM 


^ E 






^ E 




CO 






CM 


E C 






"f- 




CM 


O 




CM 


O 0) J- 
O £- © 






- SS N 




CM 








■^ W © 






» .— +J 






(0 (0 




O 


C > 




CM 


w £. — 






© "D 




03 


(fl -M C 






© C -^ 










00 


-H to 






•^ r js^ 






W 4-» c 




t^ 


C 0) (Q 






© C '- 






-D © 03 


<^-< 


(0 


u 


£ 


T- 


c 


E 




flj 


^M< 




Q) .^ 






E h* -J 


»» 


in 


w- 1^ K 


(0 




2 


> 






L, 


^ 


(0 E 


© 




> » 


4-» 




t. c o 


c 


CO 


(0 (0 • 


H* 


*•» 


«- ojm 






•r- 


r 


CM 


jc r 


+^ 




-H 


OJ 




IL "-> 


c 


•^» 


© 2 -^ 


© 


v«> 


a 


-J 




© '^ 






3 ^ 






O CO E 




O 


- -J 






— £- 






© C <^ 




0) 


> J- 






© © . 






((> -H (0 (0 




00 


w > © 






(0 £. (n 






C © (0 © 




r*- 


r - r 






-r- 4-1 4-» 






■H 3 »- C 




(D 


3 0'-© 






n ui (0 s^ 






•^ (0 






£- ■> « a 






•H "H © 




in 


W C T3 C 






-(0 3"*- 






•0 »- ^ 




^ 


a. © 






> C IL 






.aJ -^ (0 




CO 


C 






© - w 






3 O fli © 




CM 


CJ > N 






© . £- -^ 






C. O © (0 






*♦- -M 






1 • c © 




JC Q -^ - 




•H a 




0)© £ E 




c r E (Q 




©•Hit/) 


/«^ 


J in 


z 


&. 


^l' 


(0 © • 




' © r (0 


© 


W C 4- © 


4-» 


t^ -^ 


<0 


+j . +j 


o 


© r ' -^ 




^ 0) o w 




U 3 • c 




(0 (0 © © 




H- w T5 







V 
CO 



O "^ 

CM V 



CO 



O 
in 



32 ^^^^^^^^ QJ ^^ 

CJ CMCMCMCMCMCMCMCM LU ^CM 

< ^^^^^^^^ (« ^rj. 

03 3 

L. > c »- o) a-H > t. > 

a(0333©uo z a(a 

< S -D -D < «n O Z Ul <2 

"»-t^COCMOCMOflO o r*-0) 

i I 



O OOCM 
(0 0) u> in 


3 3 3© 
-D -D < t/> 


(D 00 
-•- CM 


-^ in 


in h- 0) CO 

"^ CM -^ 



128 







in 

CM 










^ 










OJ 






^ E 










^ E 




TO 










CM 






£ C 














CM 






O ^ 




CM 






O 0) £. 




^ 






- (0 N 




CM 
















\ W 0) 










. ,- 4^ 










<Q (Q 




o 






C > 




CM 






>w' L. '*' 










Q) -0 




2 






Cfl +- C 










0) c -^ 














00 






4^ ^ W 




^- 






- r ^ 










W -H C 




t^ 






C 0) «J 




•r- 






0) C '- 










•0 Q) CQ 


/•-«. 


(P 






-J 


E 


^— 






c 


£ 








(0 


>^ 








<y . >-*. 










E GO ^ 


f— 


tn 






w t>* K 


(0 


f^ 






2 


> 










£- 


^ 






(0 '' E 


0) 


*- 






> - 


•H 








J- CO 


c 


w 






(0 « • 


•»- 


T* 






e- o)in 












r 


CM 






r r 


4-» 


^- 






O "H 


0) 








£- -^ 


c 


'T- 






0) 2 -r- 


0) 


T- 






a 


^ 








Q) ^ 










3 ^ 










<0 E 




o 






r- -J 




^- 






r- L. 










0) C M- 




0) 






> t. 










0) 0) • 










»>- -H (0 W 




00 


▼- 




to > 0) 






•*- 




(0 iL (0 










C 0) (0 0) 




h- 


in 0) 




or-r 






'^ 




•.-V V 










V 3 ^ C 




C0 


in 




3 »- 0) 






in 




D (0 (0 L. 










•.- (0 










L - « a 










•H <M 0) 




in 


0) 




W C 13 C 






^^ 




•r- (0 3 •- 










•D »- - 




"^r 






CL Q) 










> C JL 










^ -^ «J 




CO 






C 










Q) - W 










3 U (0 0) 




CM 






0" > N 










(!).£.•,- 










t. U 0) w 










U- ^J 










1 -CO) 










r Q -^ »- 






X ^^^^^^^^ 


DC 


•M Q. 






U CMCMOICMCMCMCMCM 


Ul 


0) (D E E 






< T-'-^f^'T-^y-^ 


h- 


c r £ (0 






LU wwwwwwww 


< 


0) <H 1 (/) 




<-^ 


03 


3 


^ m 




z 


L.>C'-01iav> 




i. 




N-^ 


0. (03330)00 


z 


(0 0) • 






<2-D-3<</)OZ 


Ul 


• 0) x: (0 




(U 




Q. 


^ C -M 0) 




■H 


oico^'-CD^cnco 


o 


h* -^ 




(0 


*- ^— T- 1 T— ^— 




+rf . 4J 




o 


» 1 1 00 1 




(» r • -^ 






O CO o in 




^ 0) 0) w 






■r- ▼- ^" y 




D 3 • C 










(Q (0 0) Q) 










H- OwXJ 











■r- O CO 
V "^ 



in 

CM 



0) o o o o ^ 
in (0 (p CO CD ^ 



£- > C — C3) a 

a <0 3 3 3 0) 

< 2 "D -:> < {/) 

CO o en CM o 00 

CM "»- CM T- CO CM 



CM -^ 0) Ol 
CM "T- CM "r- 



129 



^ E 
^ E 

E C 

O "" O 

o a) L. 

O t- Q) 

- (0 N 

\ W Q) 

. ^ 4-» 

O (Q (Q 

C > O 

^ (B 5 

CO -H C 

Q) C -^ 

•H CO 

- r j<: 

CO -M C 

C O) (0 

0) c -- 

-J 

c 

(0 

E 0) -I 

who H 

(33 

<D T- E 

(0 E 

> - 

I- c o 

(0 (0 • 

r r o 

o o -M 

a 

3 ^ 

O <0 E 

-- -J O 

•- £- 

0) C M- 

> t. 

Q) 0) • 

(«. -H (Q CO 

O CO > (U 

(Q £. CO 

C 0) (0 (D 

o r ^ r 

■H 3 ^ C 

3 O — 0) 

13 CO (Q L. 

•^ (3 

L. •> CO a 

•H V 0) 

to C T3 C 

•^(0 3-^ 

XJ r- ^ 

> C £- 

O ^ -^ (0 
C O 

© O — CO 

D O (Q Q) 

CT" > N 

0) . J. ^ 

L. O 0) CO 

«♦- V 

i ' C Q> 

r Q - ^ 

+- a 

O) 0) E ~ 

c r E 

_i If) 

(Q 0) 

. 0) x: 

in c -H 

h* -^ 

CD r • - 

— 0) O) CO 

£J 3 • C 

(Q (0 0) (U 
h- OwTJ 



E 
E 



> 

(U 



c 



in 



CM 






CM 
CM 



o 

CM 
0) 

1^ 
CO 

t^ 

(0 

in 

CO 
CM 



o 

0) 
CO 



00 
CM 



in 

CO 
CM 



^ o 

V -^ 



-T" C4 
V 



E 
(0 
C/) 



CO 
Q) 



a CMCMOIC^CMCMCMW UJ 

^ ^^^^^^^^ ^. 

Ul W^ >«' S^ N-^ ^-^ *-• W N-' < 

QQ ^ 

a(0333<DOO Z 
<Z'^"D<tnOZ 



O O O O O CD 

cp cx> (0 CO (0 in 



a (Q 3 3 3 (D 
< 2 "D -^ < t/) 



(Q 
Q 



CMP*»CM'*"00CMO'«1' 


Q. 
O 


0) O CO -^ h» CM 


^ ^ 00 




0-11. 

8- 

12- 

10- 

8, 16- 
11- 



130 



^ e 

^ E 

E C 

O "" 

O Q) 

O L. 

* (0 



0) 
13 



\ to Q) 

• f— 4-' 

O (0 (0 

c > o 

0) "O 
W -H C 

c - 

— r j^ 

W -H C 
C O) (0 

c *- 

0) OQ 

c 

(0 

0) .^ 
E O-J 
wOO K 

0) 
<U -- E 
(0 E 

> - 

t. c o 
r r o 

o o -H 

t. -^ 
0) 2 -^ 
a 

O (Q E 
'--JO 
»- L, 

G) c ^ 

> £- 

0) 0) . 

«*- -H «J to 

O to > (D 

(0 £. (0 

C 0) (0 0) 

o r '- x: 

•»- -H •»-» 

•H 3 - C 

3 0'-© 

12 (0 (0 C 
•^ (0 

c • (0 a 

to C -D C 

1- 10 D •*- 

T3 ^ -- 

Q. U 0) 

> C £- 

2^ -*- n 

c o 

QJ O »- to 
3 O (0 Q) 

cr > N 

0) • C- -^ 
L. O Q) to 

1 • c tu 
r Q - - 
V a 

O) O E E 
C JC E to 

0) -H I (/) 
-J 10 

i, 

(0 (D • 

• Q) r to 

to C -H (1) 

0) r • -^ 

— O) 0) to 

13 D • C 
(0 (0 0) 0) 



E 
E 



(0 

> 





01 

c 



If) 






CO 






o 

CM 
05 

GO 
iD 

in 

CM 



0) 
00 

tD 

in 

CO 
CM 



CM 



to O 

CO -r- 



CO CM 

to cn 



V 



(J CMCMCMCNCMCMCMOI LU 
< ^^^^^^^^ ^ 

UJ wwwwwwww < 



to 

Q 



t. > c ^ o a-H > 

a(0333tUOO 
<2-D"D<t/)OZ 

t>-rro)cocMoococo 
r^ I 

CM 



z 

UJ 

tl. 
o 



o o o o o o 

tX> U> to CD CD tP 



£- > c ^ 0) a 

a (0 3 3 3 tl) 

< 2 -D "D < tn 

t"* in '^ o) CO o 

I I i 00 i I 

(0 CO O CM CO 



131 



^ e 



E C 



in 



<N 






C4 

CM 



(0 0) 



o 

0) 
00 



c 



in 

CM 



O 

0) 
CO 



O 
O 



V 



in 

rr 

CO 
CM 



(0 

a 



3- ^^^^^^^^ Qt 

O CMCMCMCMCMCMCMCM UJ 

^ ^^^^^^^^ ,_ 

UJ >i^ N.^ >-•>-• Si^ >-/ v.^ s-^ < 

OQ 3 

£» > c — o) a*- > 

<S'3"o<tnoz UJ 

a, 

to^o)0)Oinc>JO) o 

•r- I I -r- f- «r- 

co 00 



o oo o o o 

(P ^ (0 (X> (D (P 



£. > C - C3J a 

a (0 3 3 3 Q) 

< 2 °0 "3 < to 

0? CO "^ h* CO w 

'•-■»-▼- I ««- CM 

I I I U> I t 

in oi 0) CM CM 

^ T- -.-CM 



00 



132 



^ E 



e c 



8 



O 
_ 0) J- 
O £. 0) 
- (0 N 

\ W 0) 

• r- +* 

O (Q (Q 
C > O 

>-/ £. 1- 

0) T3 
OT +^ C 
0) C -^ 

•H w 

— r ^ 

w -M c 
C 0) (0 

<D C r- 

-D 0) 03 

c 

(0 

(1) . ^-s 

E CM -J 
woo K 

0) 
(D ^ E 
(0 E 

> - 

ceo 

— ojin 

r r o 
o o -M 

2^ 

a 

O (0 £ 

— -JO 
»- C 
(D C *^ 

> C 

(D (D . 

«♦- V (0 OT 

O W > O 

(Q S. (0 

C 0) (0 0) 

o r r- r 

•»- 4-' +^ 

■M 3 -^ C 

3 O — 0) 

1} (0 (0 U 

•^ (0 

c - 0) a 

-H 4-» 0) 

W C "0 c 

— (0 3 — 
T3 - — 

Q. O 0) 

> C t. 

:^ •*- (0 
C O 

0) O — W 

3 O «J 0) 

CT > N 

0) . L. -^ 

L. O 0) 0) 

»*- 4^ 

1 • c d) 

£ Q •- — 

■H a 

0)0) £ E 
C JC £ (0 
0) -M i (/) 

^ in 

c 

• o r (0 

00 C 4- 0) 

or . ^ 

— 0) a w 
n D ' c 

(0 (Q 0) (D 
H- O w T3 



in 

CM 



CM 



CO 
CM 



CM 
CM 



O 
CM 



<J) 



CD 

C 
0) 



0) 
CO 



in 

C3 
CM 



in 
in 

(0 
(0 
CM 



CM 



CO 
CM 



z 

< 

Ul 



(0 
Q 



CMCMCMCMCMCMCMCM 



t. >»c- i3)a-M > 

a<033 3Q)OO 
< S "D "D ""t in O Z 

in CO t^ o) O CO CM o 



lii o 

< w 

L. 

z a 

UJ < 

a 

o ^ 



(X) rt 






> C 

(0 3 
2 -D 



i I 
O to 



3 3 
"3 < 

"^ O 
CM ••- 

I 

o 

CM 



133 



analysis. Larval yellow perch abundance in preoperational and 
operational years followed no patterns attributable to plant 
operations. Yellow perch larvae were scarce at Warren Dunes and 
Cook stations in preoperational* year 1973 and operational years ^ 
1975, 1976, 1978-1981. They were abundant in both areas in 1974, 
1977, and 1982. The Kruskal-Wallis test revealed no significant 
difference in open water densities in June between preoperational 
years (1973, 1974) and operational years (1977-1982) (p ^ 0.155). 
During operational years (1977-1982), open water densities at 
Cook were not significantly different from those at Warren Dunes 
stations (Kruskal-Wallis, p = 0.768). Thus we infer no plant 
impact on the distribution of yellow perch larvae. 

Yellow perch larvae were equally common at 6- and 9-m 
stations. The ANOVA showed no significant density difference 
between 6-m stations (C and D) and 9-m stations (D and H) during 
June 1973, 1974, and 1977-1982. Mean densities at 6- and 9-m 
stations over the period 1973, 1974, and 1977-1982 were 
respectively 63 and 50 larvae/1,000 m^. At 6- and 9-m stations, 
abundance was similar at all depth strata, except for the deepest 
stratum, where yellow perch larvae were less frequently taken. 
Abundance of yellow perch larvae also declined at greater depth 
contours. At stations E and W (21 m) mean density was only 5 
larvae/1,000 m^ during June 1975-1981. 

In the beach zone, more yellow perch larvae were caught at 
night than during the day, due probably to net avoidance during 
daylight. In the open water, larval fish densities were also 
generally higher at night than during the day (Tables 79-81). 
However, no significant difference between day and night 
densities in the open water during 1973, 1974 and 1977-1982 were 
found (ANOVA, p = 0.395). 

Yellow perch larvae collected ranged from 3.5 to 10.5 mm, 
most being 7.5 mm and smaller (Tables 69-81). Increased net 
avoidance by larger larvae probably contributed to the complete 
absence of larvae larger than 10.5 mm from field samples as well 
as scarcity of larvae from July samples. Only 5% of the yellow 
perch larvae caught in field samples were >7.5 mm TL. Survival 
rate from the egg to 8 mm in Oneida Lake is about 5-14% (Clady 
and Hutchinson 1975), so that net avoidance was not the sole 
cause of rarity of larger larvae. In fact, we believe that 
juvenile and adult alewife, which are common at this time in 
inshore waters, preyed on a substantial number of newly hatched 
yellow perch (Jude and Tesar 1985). Yellow perch larvae are 
passive at this stage (Houde 1969) and would be easy prey for 
alewives. In fact when alewives declined in 1980, yellow perch 
larvae densities increased dramatically. Juvenile and adult 
yellow perch populations have subsequently rebounded as a result 
of the alewife decline (Jude and Tesar 1985) o 
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Less Abundant Species 

Fourteen species of larval fishes were captured in small 
numbers in field samples during 1973-1982. These included 
burbot, trout-perch, common carp, johnny darter, deepwater 
(formerly fourhorn) sculpin, slimy sculpin, ninespine 
stickleback, quillback, gizzard shad, emerald shiner, and 
unidentified members of the sucker, minnow, sculpin, and herring 
families. All these species, except gizzard shad, emerald 
shiner, and unidentified sucker larvae, were also collected in 
entrainment samples. In addition, entrainment samples also 
contained small numbers of mottled sculpin and unidentified 
darter larvae. Among the less abundant species, trout-perch and 
johnny darter larvae were most frequently observed both in field 
and entrainment samples. Common carp and burbot larvae were more 
common in field than in entrainment samples. In contrast, slimy 
sculpin larvae occurred more frequently in entrainment than in 
field samples. 

Burbot — 

Burbot larvae were collected in field samples during 1975, 
1976, and 1978-1982. The highest number of samples containing 
burbot larvae in any year was seven (1982). Densities in a 
sample ranged from 16 to 512 larvae/1,000 m^. Most burbot larvae 
were collected during April and May. A few burbot larvae were 
found in June during 1979 and 1980. These data agreed with 
Mansfield et al. (1983) who reported burbot larvae hatched during 
late April and May in Lake Michigan. Burbot larvae were found in 
water up to 21 m deep, but their densities tended to be higher in 
the beach zone than in open water. Burbot larvae we collected 
were mostly 3.5-5.0 mm, i.e., newly hatched (Mansfield et 
al. 1983). A 6-mm larva was caught in 1974 and a 14-mm larva in 
1976. 

Burbot larvae were entrained only in 1976, 1978, and 1982. 
Entrainment estimates for the 3 years were 0.46 million larvae. 
Burbot larvae were found in entrainment samples during March, 
April, and June. They ranged from 3.5 to 6 mm TL. 

Trout-perch — 

Trout-perch larvae were collected every year from 1974 to 
1982. Although juvenile and adult trout-perch were common in the 
study area, larval trout-perch were generally scarce. Trout- 
perch larvae were found only in one to three samples every year. 
Densities of larvae in a sample generally ranged from 15 to 149 
larvae/1,000 m\ except for a 1977 sample which contained 1041 
larvae/1,000 m^o Trout-perch larvae occurred from May to 
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October, suggesting that trout-perch had the longest spawning and 
hatching season of any species collected in this study. Trout- 
perch larvae were dispersed throughout the study area, but were 
more commonly found in the beach zone than in open water. More 
trout-perch larvae were collected at Cook than at Warren Dunes. 
Of the 14 samples containing trout-perch larvae, only four were 
taken at Warren Dunes stations. Most trout-perch larvae were 
caught at night (Appendices 4-6). Trout-perch larvae ranged from 
4 to 6 mm TL, except an 8-mm larva collected in May 1976. 

Entrainment estimates for trout-perch larvae during 1975- 
1982 (4.5 million larvae) accounted for 0.6% of total 
entrainment. Trout-perch larvae were entrained every year; the 
highest projected losses were observed in 1975 (1 million larvae) 
and 1982 (1.4 million larvae). Due to the very long spawning 
season of trout-perch, entrainment of larval trout-perch took 
place over an extended period. Trout-perch larvae were normally 
entrained from June to October, but in 1976 they occurred in 
February and November entrainment samples (Appendices 1-3; Bimber 
et al. 1984). Most trout-perch larvae were entrained during 
August, September, and October (Tables 15-17; Bimber et 
al. 1984). The number of entrainment samples containing trout- 
perch larvae ranged from 1 ..in 1978 to 9 in 1982. Greatest 
densities in individual samples were: 46 larvae/1,000 m^ 
(October 1975), 17 larvae/1,000 m^ (17 July 1976), 42 larvae/ 
1,000 m^ (22 August 1977), 35 larvae/1,000 m^ (1 August 1978), 75 
larvae/1,000 m^ (27 June 1979), 78 larvae/1,000 m^ (20 June 
1980), 42 larvae/1,000 m^ (16 June 1981), and 46 larvae/1,000 m^ 
(6 October 1982). Most larvae were entrained at night. Only 5 
of the 45 samples containing trout-perch were collected during 
the day. Entrained trout-perch larvae ranged from 4.0 to 19.3 mm 
TL. 



Johnny Darter — 

Johnny darter larvae were collected during 1976, 1977, and 
1979-1982. Generally only one to three field samples contained 
johnny darter larvae each year; in 1982 however, johnny darter 
larvae occurred in nine samples. Johnny darter larvae were 
caught mostly during June and vJuly; a few occurred during August 
in 1980 and during April in 1982. Johnny darter larvae were 
found mostly in open water. Of the 21 samples containing johnny 
darter larvae, only three were taken in the beach zone. More 
johnny darter larvae were caught at Cook than at Warren Dunes 
stations (Appendices 4-6). In the study of fish populations near 
the J. H. Campbell Plant, Jude et al. (1982) attributed the 
higher abundance of johnny darter at plant stations compared with 
reference stations to the presence of rock riprap at the intake 
and discharge structures. Densities of larvae in a sample 
generally ranged from 13 to 150 larvae/1,000 m^. In 1977, 
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however, a density of 1,041 larvae/1,000 m^ was observed in the 
beach zone. Most johnny darter larvae we collected were newly 
hatched (4-6 mm TL ) . 

Johnny darter larvae were entrained in every year except 
1980, Entrainment estimates (3o4 million larvae) accounted for 
0.4% of projected total entrainment (Table 13). Entrainment was 
highest in 1977, 1978, and 1982 (Table 13). Johnny darter 
entrainment occurred during June^ July, and August? most larvae 
were entrained during June. The number of entrainment samples 
containing johnny darter larvae ranged from one in 1975 to nine 
in 1977. Densities of larvae in individual samples ranged from 
15 to 185 larvae/1,000 m^. Entrained johnny darter larvae ranged 
from 4 to 18 mm TL. 



Common Carp — 

Common carp larvae were collected in field samples during 

1975, 1976, 1978, 1980, and 1982. They were abundant in 1975, 

1976, and 1982, with peak densities in a sample of 2,505 larvae/ 
1,000 mS llf814 larvae/1,000 m\ and 5,632 larvae/1,000 m' 
respectively. During 1978 and 1980, the highest density observed 
was 144 larvae/1,000 m^. Common carp larvae occurred from June 
to August, being most common in July. In 1982 a few common carp 
larvae also appeared in April (Appendix 6). Common carp larvae 
had never been collected in the study area during preoperational 
years. During operational years, they were found mostly at Cook 
stations. Of the 23 samples containing common carp larvae, only 
two were collected at Warren Dunes. These data suggest that 
common carp spawning took place at Cook Plant stations during 
operational years and we attributed this to the warm water plume 
and currents produced by the heated discharge of the Cook Plant. 
Thus common carp spawning at the Cook Plant was a clear plant 
effect. Common carp larvae were collected at Warren Dunes at 
relatively low densities (31 larvae/1,000 m^ and 83 larvae/1,000 
m^). These larvae may have drifted from the Cook Plant area. At 
Cook stations, densities of larvae were substantially higher in 
the beach zone than in open water (Appendices 4-6), suggesting 
that carp spawning probably took place mostly in shallow water. 
Common carp larvae ranged from 4.0 to 7.4 mm TL. 

Common carp larvae were found in entrainment samples from 
1976 to 1981. Entrainment estimates during this period (0.9 
million larvae) were relatively low. Yearly entrainment 
estimates ranged from 0.02 million larvae in 1977 to 0.3 million 
larvae in 1979. During 1975 and 1982 common carp larvae were 
abundant in Lake Michigan, but were completely absent from 
entrainment samples. In contrast, some common carp larvae were 
entrained during 1977 and 1981 when none were caught at Lake 
Michigan stations. Common carp larvae were collected in 
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entrainment samples during June, July, and August. They were 
found in three samples in 1976, one sample in 1977, two samples 
in 1978, six samples in 1979, one sample in 1980, and three 
samples in 1981. Densities in a sample ranged from 11 to 66 
larvae/1,000 m^. A comparable density range (15 to 79 larvae/ 
1,000 mM was observed in field samples collected at open water 
stations. Entrained carp larvae ranged from 4.1 to 7.6 mm TL. 
Few juveniles were collected, suggesting high mortality of common 
carp larvae. 

Sculpins — 

Slimy sculpin larvae were collected in Lake Michigan only 
during 1975, 1980, and 1982. All larvae were taken during June 
at open water stations (Appendices 4-6). Densities of larvae in 
a sample ranged from 17 to 44 larvae/1,000 m^. More larvae were 
caught at Cook than at Warren Dunes stations, suggesting that 
rock riprap at the intake and discharge structures probably 
attracted spawning slimy sculpins. Slimy sculpin larvae were 
entrained every year except 1979. Estimated total entrainment of 
slimy sculpins was 2.5 million larvae during 1975-1982. Yearly 
entrainment estimates ranged from 0.02 million in 1977 to 1 
million in 1981 (Table 13). Slimy sculpin larvae were entrained 
during June, July, and August. They measured from 6.0 to 9.3 mm 
TL. 

Mottled sculpin larvae were never collected at Lake Michigan 
stations during 1973-1982. They were, however, entrained in all 
operational years except 1978 and 1980. Entrainment estimates 
for mottled sculpin larvae (1.1 million) were substantially lower 
than those for slimy sculpins. Mottled sculpin larvae were 
entrained only during May and June. Entrained larvae ranged from 
6.0 to 9.2 mm TL. 

Slimy sculpins and mottled sculpins are very similar in 
appearance as larvae and an accurate fin-ray count is essential 
to separate the two species correctly. Unidentified sculpin 
larvae were either slimy or mottled, but due either to their 
deteriorated physical condition or extremely early stage of 
development, they could not be identified with certainty. 
Unidentified sculpin larvae occurred in field samples only during 
1978. They were found in entrainment samples every year during 
1975-1982. Projected total entrainment of unidentified sculpin 
larvae was 2.5 million. Larvae were entrained during May, June, 
and July. 

Deepwater sculpin larvae were caught at Lake Michigan 
stations during 1978-1981. They occurred only during April and 
May. All larvae we collected were taken in open water, with 
densities ranging from 17 to 65 larvae/1,000 m^. Deepwater 
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sculpins were entrained only during 1978 and 1979. Projected 
entrainment for the 2 years was 0.19 million larvae* Entrainment 
of deepwater sculpins occurred during March and June. 

Ninespine Stickleback — 

Ninespine stickleback larvae were caught at Lake Michigan 
stations only during 1974. They occurred in entrainment samples 
in 1978, 1980, 1981, and 1982. The total entrainment estimate 
for ninespine stickleback was 0.6 million. Larvae were entrained 
from June to September. 

Unidentified Minnows — 

Unidentified minnow larvae were found in field samples only 
during 1978 and 1981. They occurred in entrainment samples 
during 1977 and 1979-1982. Projected total entrainment of 
unidentified minnow larvae was 2.4 million. Highest yearly 
entrainment (1 million larvae) was observed in 1982. 
Unidentified minnow larvae were entrained from April to August. 

Miscellaneous Species — 

Quillback larvae were caught in two field samples during May 
1980 and in one field sample during June 1982. This species was 
entrained during April 1977 and May 1981. Total entrainment 
estimate for quillback larvae was 0.6 million. Unidentified 
coregonid larvae were collected in Lake Michigan samples during 
August 1978 and in entrainment samples during May 1977. Gizzard 
shad larvae occurred in field samples in July 1982, emerald 
shiner during July 1981, and unidentified sucker larvae during 
May 1978. Entrainment samples taken during 1975-1982, however, 
never contained these three species. An unidentified darter 
larva was entrained during June 1977. 

FISH EGGS 

Introduction 

Fish eggs collected at the Cook Plant were not identified to 
species. However, the probable species composition of the eggs 
can be shown by their distribution and seasonal occurrence. 
Entrained fish eggs in January and February were probably those 
of burbot, which spawn in midwinter under the ice. Fish eggs 
were most abundant in June and July, and the predominant spawning 
fish then are alewife, spottail shiner, and yellow perch. Yellow 
perch eggs remain in a gelatinous mass on the lake bottom while 
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incubating, so we would not collect them in plankton net tows. 
Spottail shiner eggs are demersal and adhesive (Auer 1982) so we 
would be unlikely to collect them, except in beach tows when 
conditions were somewhat turbulent. Therefore, most eggs in our 
samples, and probably virtually all those taken in open water 
during summer, were those of alewife. Alewife eggs are somewhat 
demersal, but not so much as those of spottail shiner (Auer 
1982), so they probably sink slowly enough to be collected by 
plankton nets. Some large fish eggs (few in number) entrained 
during October and November may have been those of trout or 
salmon, which spawn in the fall. 

Analysis of variance was applied to fish egg data for 
entrainment samples (1975-1982), beach samples (1973-1982), and 
open water samples (1974-1982 - see METHODS - FIELD LARVAE - 
Statistical Analyses for details). Many interactions were 
significant in the field egg ANOVA, particularly those including 
Year. Significant interactions interfere with analysis; however, 
significant factors are reported here despite interactions. 

Entrained Eggs 

Annual Estimates — 

Estimated entrainment loss of fish eggs was 3.335 billion 
during 1980, .996 billion during 1981, and 7.005 billion during 
1982 (Table 13). Egg entrainment during 1980 and 1982 was higher 
than the 8-yr (1975-1982) average of 2.863 billion. The 1981 
loss was below average and was the lowest since 1975. The 7 
billion fish eggs estimated entrained in 1982 represented the 
highest yearly estimate of the 8 years of plant operation. June 
water volume pumped by the plant was higher in 1982 than other 
years (Table 14). As June is the month of peak fish egg 
densities, high pumping rates were most influential on estimates 
that month. Alewife larvae were fairly abundant in entrainment 
samples in 1982, but not as strikingly abundant as fish eggs, 
when year-to-year patterns are compared (Table 13). 

Seasonal Abundance — 

Fish eggs were entrained during most months, 1980-1982. 
Eggs entrained during January and February were probably burbot 
eggs and were usually few in number, except for 102 million 
estimated entrained during those months in 1982. Generally a few 
million eggs per month were entrained during early spring, with 
densities below 100 eggs/1,000 m^. A notable exception was the 
period 3 April-3 May 1982 when 1.135 billion eggs were entrained 
and mean densities exceeded 1,000 eggs/1,000 m^ several times. 
These were most likely rainbow smelt eggs. Peak egg entrainment 
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occurred during June 1980 (2.6 billion), 1981 (470 million), and 
1982 (4.96 billion) (Tables 15-17). July egg entrainment was 
usually also high, 398 to 800 million. Mean egg densities often 
exceeded 10,000 eggs/1,000 m^ during June and July (Tables 18- 
20). The highest individual sample density, 147,000 eggs/1,000 
m% occurred during dusk to midnight, 1 July 1982. Densities 
over 90,000 eggs/1,000 m^ were recorded several other times 
during 1980-1982. No eggs were entrained during September, but a 
few (less than 1 million per month) were entrained during October 
and November. 



Diel Abundance — 

More fish eggs were entrained at night than during the day, 
notably during the midnight to dawn period, when 50-65% were 
entrained over each year, 1980-1982. During the dusk to midnight 
period, 15% to 44% of the eggs were entrained. The ANOVA showed 
there were significant differences in egg densities among diel 
periods during 1982 alone and 1975-1982 combined (p <0.001), but 
differences were not significant for 1980 (p = 0.374) or 1981 (p 
= 0.021) alone. The greatest mean densities of 1980 occurred 20- 
21 June and 14-15 July during midnight to dawn, 66,000 and 64,000 
eggs/1,000 m\ respectively. Peak egg abundance for 1981 
occurred on 13-14 July, when the midnight to dawn mean was 48,000 
eggs/1,000 m^. The peak mean density for 1982 was 79,000 eggs/ 
1,000 m^ during dusk to midnight, 10-11 June. A mean of 67,000 
eggs/1,000 m^ occurred on 29 June-1 July 1982 (Tables 18-20). 
Patterns of diel abundance of fish eggs can be attributed to 
nocturnal spawning habits of alewife. Field-collected eggs 
increased in abundance from dusk to shortly after midnight; these 
were taken by plankton net throughout the water column. Alewives 
are pelagic spawners; their eggs sink, being slightly negatively 
buoyant. Thus alewife eggs would be entrained in the later part 
of the night. However, many eggs were entrained during the day, 
while few to none were ever collected in plankton nets towed 
during the day. Sled tows collect significantly more alewife 
eggs than do plankton net tows (Madenjian and Jude 1985). Divers 
often noted plumes of cold turbid water flowing along the bottom 
into the intakes on one side during certain times in s\ammer, when 
the thermocline was far offshore (Dorr and Jude in press). We 
thus concluded that eggs that settled on the bottom were entering 
the intakes, increasing entrainment of these eggs over levels we 
would expect from plankton net densities. 
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Field-Collected Eggs 

Seasonal Distribution — 

Fish eggs were most abundant in field samples during June 
and July; they also occurred during April, May, August, and 
October 1980-1982 (Table 82). During early spring, eggs seldom 
occurred in open water. Both the number of samples containing 
eggs and densities of eggs increased sharply in June, usually 
decreasing somewhat in July and tapering off in August. No fish 
eggs were found in our samples during September or November 1980- 
1982, and only one October sample contained eggs. Peak sample 
densities (no. /I, 000 mM recorded for each month weres April - 
476, May - 164, June - 70,160, July - 9,292, August - 1,212, and 
October - 66. Most of these peak densities were from beach 
samples during 1980 (Appendices 4-6). Results from 1980-1982 
were similar to those observed in 1973-1979, with eggs occurring 
over a longer season in the beach zone than in open water (Bimber 
et al. 1984). 



Diel Abundance — ■ 

Significantly more fish eggs were collected at night than 
during the day in the beach zone (Table 83). The vast majority 
of eggs taken in open water also occurred at night (Appendices 4- 
6). Since most fish eggs we collected were alewife eggs, alewife 
spawning habits explain the diel pattern of eggs: alewives are 
nocturnal spawners whose eggs are semi-demersal (Graham 1956? 
Mansueti and Hardy 1967). Thus alewife eggs could be collected 
by our gear at night, but most would have settled to the bottom 
by afternoon, when day sampling was conducted. Results for 1980- 
1982 are similar to our results from 1973-1979 (Bimber et 
al. 1984). During 1973-1979, egg abundance increased steadily 
from dusk to shortly after midnight, demonstrating increasing 
spawning activity. This pattern was also apparent in the 1980- 
1982 data. 

Spatial Distribution — 

Depth distribution — Mean densities of fish eggs were 
usually higher in the beach zone than in open water during 1980- 
1982 (Table 82). This may be partly due to the demersal nature 
of the eggs, which would settle from the water column in open 
water, but could be resuspended in the beach zone and collected 
by our nets. Also, most spottail shiners spawn in the beach 
zone, thus more eggs may actually have been present. For 1974- 
1982, fish eggs were significantly more abundant at 6-m stations 
than at 9-m stations (Table 84). 
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Table 82. Mean densities (no. per 1,000 mM of fish eggs 
collected at all beach and openwater stations near the 
D. C. Cook Plant, 1980-1982. Day and night sampling 
periods were combined. 







Month/ 
iling Area 




Year 




Samp 


1980 


1981 


1982 


April 


beach 
open water 


40 



31 
1 






May 


beach 
open water 


32 









1 


June 


beach 
open water 


8,366 

1,132 


4,074 
141 


1,206 
5 


July 


beach 
open water 


471 
307 


416 
1 


88 
153 


August 


beach 
open water 






12 
<1 


212 
<1 


September 

beach 
open water 













Octobe 


r 
beach 


6 








November 

beach 












Cook Plant versus Warren Dunes — The ANOVA showed 
significantly more fish eggs were collected at Cook Plant open 
water stations than at Warren Dunes reference stations {Table 
84). However, abundance differences were a function of the time 
when samples were collected. We generally followed the same 
sequence, and Warren Dunes stations were nearly always sampled 
earlier during the night. Whichever area was sampled later 
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Table 83. Analysis of variance summary for log (catch + 1) of fish eggs. Eggs 
were netted in the beach zone during June to August 1973"1982 at Cook Plant 
study areas, southeastern Lake Michigan. 





Source of 








Attained 


variation 


df 


Mean square 


F-stati Stic 


signi f icance 


Year 


9 


17.1547 


21.8920 


<0. 000 1ft* 


Month 


2 


84.1631 


107.4053 


<0.0001ftft 


Station 


2 


8.1312 


10.3766 


. 000 1 ftft 


Time 


1 


18.2278 


23.2615 


<0.0001ftft 


Y X « 


18 


5.4986 


7.0171 


<0.0001ftft 


Y X S 


18 


3.2049 


4.0900 


<0,0001ftft 


M X S 


h 


1.7149 


2.1885 


0.0721 


Y X T 


9 


9.1705 


11.7030 


<0.0001ftft 


M X T 


2 


0.3156 


0.4027 


0.6691 


S X T 


2 


1.1382 


1.4525 


0.2367 


Y X M X S 


36 


3.3125 


4.2273 


<0.0001ftft 


Y X M X T 


18 


8.2935 


10.5839 


<0.0001ftft 


Y X S X T 


18 


1 .9833 


2.5310 


O.OOIOftft 


M X S X T 


4 


1.0804 


1.3787 


0.2431 


Y X M X S X T 


36 


1.5713 


2.0053 


0.0016ft 


Within eel 1 










error 


180 


0.7836 







>vvc Highly significant (P < 0.001) 
'V Significant (P < 0.01) . 



generally had higher egg densities; sometimes no difference was 
apparent. In this respect, data from 1980-1982 showed the same 
trends as 1973-1979 (Bimber et al. 1984), June and July samples 
in 1980 and 1982 were collected first at Warren Dunes, then at 
the Cook Plant; egg densities were greater at Cook stations in 
those years. During 1981 June and July samples were collected 
first at the Cook Plant, then at Warren Dunes, and Warren Dunes 
egg densities were greater. Densities at beach station A (north 
Cook) were significantly greater than stations B (south Cook) or 
F (Warren Dunes); however, like open water data, these 
differences could not be attributed to the effect of the plant. 

Vertical distribution — Distribution of fish eggs through the 
water column showed no consistent pattern. In 1980 and 1981, 
midwater densities were slightly higher than bottom densities, 
but in 1982, bottom plankton net tows collected more eggs 
(Appendices 4-6). Densities were highly variable, probably 
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Table 8^. Analysis of variance summary for log(catch + 1) of fish eggs* Eggs 
were netted at night in the open water zone during June and July 1974-1982 at Cook 
Plant study areas, southeastern Lake Michigan* 





Source 


of 




Adjusted 




Attained 


variation 


df# 


mean squaret 


F-statistic 


signi f icance 


Year 




8 


8.9789 


9.8882 


<0.000K"'t 


Month 




1 


26.3951 


29.0683 


<0 . 000 1 ** 


Area 




1 


61.4432 


67.6660 


<0 . 000 1 ** 


Depth 




1 


8.6772 


9.5559 


0.0022'V 


Y X M 




8 


3.2364 


3.5642 


0.0006»V:% 


Y X A 




8 


6.7545 


7.4386 


<0.000l5'"'c 


M X A 




1 


0.3942 


0.4341 


0.5106 


Y X D 




8 


1.3712 


1.5101 


0.1540 


M X D 




1 


3.3958 


3.7397 


0.0543 


A X D 




1 


0.4084 


0.4498 


0.5031 


Y X M X 


A 


8 


2.3680 


2.6079 


0.0093* 


Y X M X 


D 


8 


4.7260 


5.2046 


<0.0001** 


Y X A X 


D 


8 


2.0749 


2.2851 


0.0224 


M X A X 


D 


1 ■•• 


3.5045 


3.8594 


0.0506 


Y X M X 


A X D 


8 


1.8234 


2.0081 


0.0460 


Within cell 










error 




2i*9 


0.9080 







# Thirty-nine degrees of freedom were subtracted from the error term to 
correct for 39 missing observations where the cell means were substituted. 

t Mean squares were multiplied by harmonic mean cell size/maximum cell size 
(nh/n * 0.8496) to correct for 39 missing observations where the cell means 
were substi tuted. 

5VVf Highly significant (P < 0.001) e 

5** Significant (P < 0.01) . 



because of patchy distribution of eggs due to spawning 
aggregations of fish* Bottom densities might be expected to be 
higher than upper strata densities due to demersal eggs. 
However, plankton net tows do not sample the lake bottom 
effectively and thus would miss the area of greatest egg 
abundance* 
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Field-Entrainment Comparison 



Introduction — 



We compared mean densities of fish eggs between field and 
entrainment samples. Field sample means were computed by taking 
means for each diel period (two) for stations C, D, and R (Cook) 
over all replicates (four at 6-m stations C and R, five at 9-m 
station D). Stations G and H (Warren Dunes) were omitted from 
the analysis because egg densities were usually much lower there 
than at the Cook Plant. Entrainment samples on the date nearest 
to field samples were used for comparisons (Table 85) to minimize 
changes in egg densities due to water mass exchange. The density 
computed for each diel division of entrainment sampling was the 
mean of four replicates. Density reported for each diel period 
(day or night) was the mean of two sets of samples (eight total), 
namely dusk-midnight and midnight-dawn for nighttime density and 
dawn-noon and noon-dusk for daytime density. Thus each diel 
comparison each month was based on 13 field and 8 entrainment 
samples. Exceptions were in June and August 1981 and July 1982, 
when the means of two entrainment sets (16 day samples, 16 night 
samples) were calculated because they were equidistant in time 
from field samples. 

To compare annual trends in egg abundance between field and 
entrainment samples, we calculated mean density over the months 
May through August, using only entrainment densities on dates 
close to field sampling, as in the above comparison. We used 
Spearman rank correlation tests to compare abundance ranks of 
fish eggs in night field and entrainment samples. Rank 
correlation coefficients were computed by ranking mean densities 
each year, 1975-1982. 

Seasonal Abundance — 

Fish egg abundance patterns over the season were similar 
between entrainment and field samples, with the constraint that 
no field data were available during winter. Field and 
entrainment densities (1975-1982) were usually low in April and 
May, peaked in June or July, and decreased sharply through 
August, with a few eggs sometimes collected during the fall. 
However, mean densities did not always peak the same month for 
field and entrainment samples in a given year (Table 86; Bimber 
et al. 1984). In 1975, 1977, and 1982, field mean densities (day 
and night combined) were highest in July, and entrainment 
densities highest in June; in 1979 and 1980 entrainment egg means 
peaked in July while field densities peaked in June. 
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Table 85. Sampling dates used to compare field-caught and 
entrained eggs at the D. C. Cook Plant, May through August, 
1980-1982. F = field, E = entrainment. 







Diel 
Period 


1980 




1981 




L982 


Month 


F 


E 


F 


E 


F 


E 


May 


day 
night 


13 
14-15 


13 
12 


13 
12-13 


12 
11 


11 
11 


11 
10 


June 


day 
night 


11 
11 


10 
9 


9 
10 


9,13 
8,12-13 


16 
16-17 


16-17 
16-17 


July 


day 
night 


8 


15 
14-15 


7 
6 


2-3 
2-3 


20 
20-21 


20-23 
20-23 


August 


day 
night 


12 
12 


12 
11-12 


12 
12 


11,13-14 
10,13-14 


10 
10 


18-19 
18-19 



Mean Density Comparison — 

Mean densities of entrained fish eggs were nearly always 
greater than mean densities of field-collected eggs, 1975-1982 
(Table 86; Bimber et al. 1984). Only in June 1979 was mean field 
density greater than mean entrainment density, and in that case 
field sampling occurred 6 days later than entrainment sampling. 
For both types of samples, night densities were nearly always 
greater than day densities, because of the nocturnal spawning 
habits of alewife, the main contributor to the eggs collected. 
Differences between field and entrainment densities were so 
marked, often orders of magnitude, that day entrainment densities 
frequently exceeded night field densities (Table 86; Appendices 
1-6; Bimber et al. 1984). 

Nighttime densities were used for comparisons between years. 
Mean densities of field-collected fish eggs were highest for 
1979, followed by 1975 and 1980. Mean densities of entrained 
eggs were highest for 1978, followed by 1982 and 1980 (Table 86; 
Bimber et al. 1984). The Spearman rank correlation coefficient 
for field-collected vs. entrained egg densities ranked by year 
was 0.05, indicating no correlation. 
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Table 86. Mean monthly densities (no./l,000 m^) of fish 
eggs in field (stations C, D, R) and entrainment samples 
at the D, C* Cook Plant, 1980-1982. Entr. = entrainment. 
N = number of samples included in mean. 





Month 


Sample 
Type 


Diel 
Period 


1980 


1981 




1982 


N 


May 


Field 


Day 
Night 














4 


13 
13 




Entr. 


Day 
Night 


3 



151 
174 




6 
18 


8 
8 


June 


Field 


Day 
Night 


31 
5,187 



12 




1 
21 


13 
13 




Entr. 


Day 
Night 


13,538 
25,299 


1,563* 
7,998* 


1 
64 


,973 
,236 


8 
8 


July 


Field 


Day 
Night 



1,416 



4 




2 

702 


13 
13 




Entr. 


Day 
Night 


6,821 
37,003 


539 
1,102 


3 


235** 
,513* 


8 
8 


August 


Field 


Day 
Night 







2 




1 



13 
13 




Entr. 


Day 
Night 






18* 
16* 




1 



8 
8 


Means 


Field 


Day 
Night 


8 
1,651 



4 




1 
182 






Entr. 


Day 
Night 


5,090 
15,576 


568 
2,322 


16 


554 
,942 





* N = 16 
** N » 15 



The differences in magnitude and lack of yearly correlation 
between field and entrainment egg densities are probably 
primarily due to the demersal nature of fish eggs, coupled with 
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our sampling scheme • Plankton nets do not sample the bottom 
layer effectively, collecting only freshly released or 
resuspended eggs, thus biasing field densities downward (see 
Madenjian and Jude 1985). In contrast, the Cook Plant intake 
probably draws some cooling water from the bottom layer, where 
eggs collect. There are several items that provide evidence for 
this. Daytime sled tows on 18 June 1975 collected fish eggs at 
densities of 1,246, 6,839, and 21,399/1,000 m^ at 18-, 15-, and 
12-m stations respectively (unpublished data. Great Lakes 
Research Division, Univ. Mich., Ann Arbor, Mich. 48109), 
suggesting increasing egg densities with shallower water. Night 
sled tows had lower densities, probably because newly released 
eggs were still in midwater. Mean daytime density of entrained 
eggs was 1,885 eggs/1,000 m^ on 17-19 June 1975, less than sled 
tows would probably have collected at the intake depth. Mean 
daytime egg density from net tows at Cook stations, June 1975, 
was only 60/1,000 m^ (Bimber et al. 1984). Daytime field egg 
densities from standard series sampling were very low in 
proportion to night field densities. Nightsday ratios of mean 
densities for 1975-1982 combined were 157:1 for field-collected 
and 4 si for entrained eggs. Thus, field data imply most eggs 
were spawned at night and sank to the bottom before day sampling, 
while entrainment data suggest eggs could be drawn from the 
bottom layer during daytime. Eggs from the lake bottom also 
probably elevated night entrainment densities over night field 
densities. 
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ESTIMi^TION OF ALEWIFE SURVIVAL DURING THE FIRST 
GROWTH SEASON 



Introduction 

Alewife larvae are widely distributed throughout inshore 
waters (1-9-m depth contours) of southeastern Lake Michigan, at 
all depth strata (Jude et al. 1979b). Juveniles (20-40 mm) 
inhabit the beach zone (1-3 m) during late summer, then begin 
offshore movement around September, Those hatched earliest move 
offshore first (Brown 1972). Supplemental trawling conducted 
offshore from the D. C. Cook Plant in 1978 showed few alewives 
occupied areas beyond the 15-m depth contour in October. 
Similarly, in eastern Lake Michigan near the J.H. Campbell Plant, 
juvenile alewives were most abundant at 1-1.5 m during September 
and 3-12 m during October, and alewife larvae were usually 
widespread over 1-15-m depths during siommer (Jude et al. 1982). 
Therefore abundance of larvae and juveniles at 6 and 9 m (data 
used in this study) is considered to be representative of the 
inshore abundance of alewives. 

Many young of the year (YOY) concentrate in bottom layers 
during fall (Wells 1968, Brown 1972). Midwater trawling and 
acoustical scanning done simultaneously with bottom trawls in 
eastern Lake Michigan showed that few alewives of any size were 
at midlevels in the water column (Wells 1983). In western Lake 
Michigan, echosounding indicated that more fish were in the water 
column at night than during the day; also, more alewives were 
collected in bottom trawls during the day than at night (Janssen 
and Brandt 1980). Although YOY alewives may ascend in the water 
column during turbulence (Wells 1968) and at night (our data), 
they were consistently more abundant in day trawls than at night 
near the D. C. Cook Plant. By expressing our trawl catch as 
number of YOY per 1,000 m\ these densities could be compared 
with densities of newly hatched larvae to yield survival 
estimates from hatching to the time of offshore movement during 
the first growth season. Hatch et al. (1981) and Argyle (1982) 
used similar methods to generate population estimates. 

Results 

During 2 years, 1977 and 1978, fish larvae densities in both 
field and entrainment collections were low and YOY densities high 
relative to other years (Table 87), resulting in improbably high 
survival rates (Table 88). During other years, using either 
entrainment or field fish larvae data, calculated survival from 
yolk-sac larvae to YOY was always below 2%. Mean densities of 
larval fish each year did not correlate well between field and 
entrainment samples, or between size groups within one type of 
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sample. The Spearman rank correlation among years for densities 
of 2-5 mm larvae between field and entrainment samples was 0*43. 
Rank correlations of densities for larger larvae between field 
and entrainment samples, and between size groups within one type 
of sample (field or entrainment) , were all less than 0.7e The 
best correlation obtained (0.79) was between field and 
entrainment data for survival from yolk-sac larvae to YOY. Mean 
densities of 2-5-mm larvae over all years were similar between 
field and entrainment samples, 1,720 and 1,810 larvae/1,000 m^ 
respectively (Table 87), resulting in similar calculated survival 
rates over the entire study, about 1% from yolk-sac larvae to YOY 
(Table 88). 

As expected, survival from postlarvae to YOY (averaging 2%) 
was nearly always greater than from yolk-sac larvae to YOY 
(averaging 1% - Table 88). Higher mean survival from postlarvae 
to YOY (10-33%) was calculated for larvae from separate length 
interval/; 5.5-10 mm, 10.5-15 mm, 15.5-20 mm, and 20.5-25 mm using 
entrainment data (Table 88). When all lengths 5.5-25 mm of 
entrained larvae were pooled, calculated survival was 5% from 
postlarvae to YOY (Table 88). 

Daily mortality rates generally declined over time (Table 
89). When rates increased, which only occurred for design I, it 
was thought to be an artifact derived from long intervals between 
peak catches of two successive length groups (e.g., 18 days 
between 2-5 and 5.5-10 mm, compared with a 7-day estimation using 
Heinrich's data). Sampling at discrete times, a week or a month 
apart, sometimes allows actual abundance peaks to be missed and 
biases estimates. 

Highest daily mortality (27.3%) was found for entrained 
larvae which passed from the 2-5-mm group to the 5.5-10 mm group 
(design II; Table 89). Lowest daily mortalities, around 2%, 
occurred for larvae and juveniles >15.5 mm. Length partitioning 
of entrained larvae demonstrated this rapid change in mortality 
over time; the change was not so evident when the wider length 
intervals were used. 

Young of the year were less abundant at lengths of 15 to 34 
mm than at greater sizes, although abundance did not peak at the 
same size in every year (Fig. 21) . Alewives 15-34 mm were 
concentrated in shallower water than trawl depths; many in this 
size range were taken in beach seines, particularly during 
August. Modal size of alewives in trawls was usually between 35 
and 64 mm. Alewives 35 to 64 mm probably have not reached 
overwintering size, since yearlings collected in April tended to 
be larger (mean size about 90 mm). Therefore, survival rates in 
this study do not reflect the entire growth season. 
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Table 89* Percent daily mortality calculated from mean 
densities over all years, 1975-1982 (entrained) and 1974- 
1982 (field-caught). Design I used time intervals 
corresponding to peak occurrence of fish larvae of each 
length interval in our samples. Design II time intervals 
were calculated from alewife growth rates in the 
laboratory (Heinrich 1981). YOY = young of the year. 





Length 
Interval (mm) 




Entrai 


ned 


Larvae 


Field-caught Larvae 


design 


I 


design II 


design I design II 


2-5 to 5.5-10 
5.5-10 to 10. 5-: 
10.5-15 to 15.5' 
15.5-20 to 20.5- 
20.5-25 to YOY 

2-5 to 5.5-25 
5.5-25 to YOY 

2-5 to YOY 


15 

-20 

-25 


11.7 

19.5 

3.5 

1.5 

2.4 

5.7 
5.1 

5.3 






27.3 
8.3 
4.0 
2.0 
2.0 

12.7 
4.1 

5.3 


3.1 6.4 
5.7 4.8 

5.0 5.0 


Discussion 















Yearly mean densities and survival of alewife were not good 
predictors of year-class strength as measured by our data. 
Spring trawl catches of yearling alewife bore no relationship to 
larvae or young-of-the-year densities the previous year. 
Spearman rank correlations among years were all less than 0.5. 
Yearling alewives tend to inhabit midwater more than young-of- 
the-year do (Brown 1972), making bottom trawls unreliable 
estimators of yearling abundance and probably partly accounting 
for lack of correlation. 

Adult alewives collected at Cook were not aged. Our catches 
in gill nets^ trawls, and seines represented several age-groups, 
age^ 2 and older. Therefore, yearly densities and survival of 
first-year fish could not be related to yearly recruitment to the 
adult population. 

Variation in yearly survival estimates may be due to either 
true survival differences or incorrect assumptions. Alewife 
survival is certainly not the same each year, as temperature, 
food availability, abundance of predators, and other conditions 
fluctuate irregularly and affect alewife survival o The high 
survivals calculated for 1977 and 1978 can be attributed to the 
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Figure 21. Catch curves for larval (2-5 nun and 5.5- 
25 mm) and young-of-the-year alewives collected 
near the D. C. Cook Plant, 1974-1982. 
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sampling schedule missing times of peak larvae abundance, or 
spawning and hatching taking place outside of the study area and 
juveniles moving into the area later (YOY collected by trawl). 
Either may occur fairly often, although weekly entrainment 
sampling is less likely to miss a hatching peak than is monthly 
field larvae sampling. 

During a year of frequent and prolonged upwellings of cold 
water in eastern Lake Michigan, relatively few alewife larvae >5 
mm were collected from 1-15-m depths, compared to larvae sampled 
during years of few upwellings (Heufelder et al. 1982). 
Upweliings may result in increased mortality to larvae or may 
displace larvae from the inshore zone (Heufelder et al. 1982). 
Thus differences in calculated survivals of post-yolk-sac larvae 
from year to year may be due to actual mortality differences or 
may be due to changes in distribution of older larvae from water 
mass movement. Yolk-sac larvae densities also may be depressed 
by direct mortality from upwellings or by transport through water 
mass movement. However, occurrence of newly hatched larvae was 
prolonged into September during a year of severe upwellings 
(Heufelder et al. 1982), possibly compensating for decreased 
densities (greater mortality or transport) by increased duration 
of occurrence (longer spawning season). Thus, yolk-sac larvae to 
YOY survival rates are apt to be less variable than post-yolk-sac 
larvae to YOY survival rates. 

Other sources of variation which could influence survival 
rates include changes in trawling speed (thus distance trawled) 
and changes in trawl size, which can occur if trawling speed, 
currents or length of warp (line from boat to trawl) varies. 
Turbidity, illumination, and currents can affect net avoidance or 
escape of either larvae or YOY. Since trawl size was estimated, 
not measured, this was a possible source of error. Finally, the 
assumption that all YOY were near bottom may be wrong, but we 
have no concurrent midwater trawl data. Janssen and Brandt 
(1980) and Wells (1983) suggest that few alewives occupy 
midlevels during the day. If a significant proportion of the YOY 
were in midwater during the day, real survival rates would be 
higher than those reported here. Trawl size estimation may err 
in the opposite direction. Our travel may not open as high as 
Hatch's, resulting in calculated YOY densities (and survival 
rates) being higher than actual values due to the trawl height 
factor in the adjustment of densities to the whole water column. 

The "critical period" hypothesis, that the transition from 
yolk-sac larva to exogenous feeding is a time of high mortality 
(Hjort 1914, May 1974), is supported by our data. Survival from 
yolk-sac larva to post-yolk-sac larva is much lower than post- 
yolk-sac to YOY. The difference between entrainment and field 
data in post-yolk-sac to YOY survival may be due to entrainment 
sampling methods (pump or intake avoidance) or due to length- 
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interval partitions. If post-yolk-sac larvae are not separated 
into length intervals, this may result in artificially high 
densities because larvae of a given age may be vulnerable to 
sampling at successive sampling periods « If length intervals 
chosen are too small for sampling intervals , too low densities 
result (Farris 1960). Thus growth rates become a factor in the 
analysis, and post-yolk-sac larvae to YOY (age-specific) survival 
rates are more tentative than yolk-sac to YOY. Variations in 
growth rates over age, and between individual fish, result in 
apparent increases in survival and uncertainty as to correlation 
of age with length. 

The daily mortality rates we calculated were comparable to 
those of other Clupeidae. Our daily mortalities from design II 
(Table 89) were similar to those found by Crecco et al. (1983) 
for American shad (Aiosa sapidissima) : 19.8-25.6% mortality per 
day for first-feeding American shad larvae, 4.3-8.7% for larvae 
approaching metamorphosis, and 1.8-2.0% for juveniles, while our 
alewife daily mortalities were 27.3%, 4.0-8.3%, and 2.0% for 
respective stages. Pacific herring (Ciupea pailasli) larvae 
raised in enclosures showed a slightly different pattern (Schnack 
1981). Although yolk absorption occurred at about 7 days after 
hatching, mortality was only 3-8%/day for the first 13-21 days, 
increasing to 20-30%/day for about a week following. Schnack 
attributed the increased mortality to starvation following yolk 
absorption. After 31-36 days from hatching, mortality decreased 
to 5-13%/day. Daily mortalities of round herring (Etrumeus 
teres), thread herring {Opisthonema oglinum) , and scaled sardine 
{Harengula jaguana) for larvae 3-5 to 16-20 mm, were about 10%, 
20%, and 22% respectively (Houde 1977a, 1977b, 1977c), higher 
than for alewife. Dragesund and Nakken (1971) found 94% 
mortality of Atlantic herring (Ciupea harengus) during yolk 
absorption, between the 10- and 12-mm size groups. Pacific 
herring had 20-30% mortality per day over the first 20 days 
(Stevenson 1962). Survival curves for various herring differ 
regarding the presence and timing of a critical period (Dahlberg 
1979). 

We feel the truest representation of survival in this 
analysis is the ratio of density of yolk-sac larvae to density of 
YOY in the modal-length interval. Less abundant fish in certain 
length intervals of YOY represent fish that were more abundant at 
other depth contours than trawl depths, and density of older 
larvae is suspect due to growth rate uncertainty and variations 
in distribution. 



160 



LITERATURE CITED 

Amos, D., M. Russo, and C. Sohon. 1981. Tow tank tests on the 
Yankee 41 series and URI 340 series trawls. Univ. Rhode 
Island Marine Advisory Service Trawl Data Sheet 1;31 p. 

Argyle, R.L. 1982. Alewives and rainbow smelt in Lake Huron: 
Midwater and bottom aggregations and estimates of 
standing stocks. Trans. Amer. Fish. Soc. Ill: 267-285. 

Atomic Energy Commission (AEC). 1973. Final environmental 

statement related to operation of Donald C. Cook Nuclear 
Plant units 1 and 2. Indiana and Michigan Power Company. 
U.S. A.E.C. Directorate of Licensing. 

Auer, N.A. (ed.). 1982. Identification of larval fishes of the 
Great Lakes basin with emphasis on the Lake Michigan 
drainage. Great Lakes Fish. Comm. , Ann Arbor, Mich. 
Spec. Pub. 82-3:744 pp. 

Bimber, D.L., M. Perrone, Jr., L.S. Noguchi, and D.J. Jude. 1984. 
Field distribution and entrainment of fish larvae and 
eggs at the Donald C. Cook Nuclear Power Plant, 
southeastern Lake Michigan, 1973-1979. Spec. Rep. No. 
105, Great Lakes Res. Div., Univ. Mich., Ann Arbor, MI. 
320 pp. 

Brown, E.H. , Jr. 1972. Population biology of alewives, Alosa 

pseudoharengus , in Lake Michigan, 1949-70. J. Fish. Res. 
Board Can. 29:477-500. 

Christie, W.J. 1974. Changes in the fish species composition of 
the Great Lakes. J. Fish. Res. Board Can. 31:827-854. 

Clady, M.D., and B. Hutchinson. 1975. Effect of high winds on 
eggs of yellow perch, Perca flavescens, in Oneida Lake. 
Trans. Amer. Fish. Soc. 104:524-525. 

Cooper, R.A. 1961. Early life history and spawning of the 

alewife, Aiosa pseudoharengus. M.S. Thesis. Univ. Rhode 
Island. 58 pp. 

Crecco, V., T. Savoy, and L. Gunn. 1983. Daily mortality rates 
of larval and juvenile American shad (Alosa sapidisslma) 
in the Connecticut River with changes in year-class 
strength. Can. J. Fish. Aquat. Sci. 40:1719-1728. 

Crowder, L.B. 1980. Alewife, rainbow smelt and native fishes in 
Lake Michigan: competition or predation? Env. Biol. 
Fish. 5:225-233. 



161 



Dahlberg^ M.D. 1979. A review of survival rates of fish eggs 
and larvae in relation to impact assessments. Marine 
Fisheries Review, U.Se Dept. Commerce, March 1979sl-"12e 

Dorr, J. A. Ill, and D.J. Jude. 1981. Organization and status of 
a cooperative Great Lakes regional fish larvae 
collection. J. Great Lakes Res. 7sl94-200. 

., and . In press. Diver assessment of the inshore 

southeastern Lake Michigan environment near the D. C. 
Cook Nuclear Power Plant, 1973-82. Spec. Rep., Great 
Lakes Res. Div., Univ. Mich., Ann Arbor, Mich. 

, D.J. Jude, F.J. Tesar, and N.J. Thurber. 1976. 

Identification of larval fishes taken from the inshore 
waters of southeastern Lake Michigan near the Donald 
C. Cook Nuclear Plant, 1973-1975. Pages 61-82 Ini 
J. Boreman (ed.). Great Lakes fish egg and larvae 
identification. Nat. Power Plant Team. Off. Biol. Serv. 
U.S. Fish Wildl. Serv., Ann Arbor, Mich. 220 pp. 

Dragesund, 0., and 0. Nakken. 1971. Mortality of herring during 
the early larval stage in 1967. Rapp. P. -v. Reun. Cons, 
int. Explor. Mer. 160:142-146. 

Farris, D.A. 1960. The effect of three different types of 

growth curves on estimates of larval fish survival « J. 
Cons. Int. Explor. Mer 25s294-306. 

Graham, J.J. 1956. Observations on the alewife Pomolobus 

pseudoharengus (Wilson), in fresh water. Univ. Toronto 
Biol. Ser. 62, Publ. Ont. Fish. Res. Lab. 74. 43 pp. 

Hatch, R.W., P.M. Haack, and E.H. Brown, Jr. 1981. Estimation of 
alewife biomass in Lake Michigan, 1967-1978. Trans. 
Amer. Fish. Soc. 110:575-584. 

Heinrich, J.W. 1981. Culture, feeding, and growth of alewives 
hatched in the laboratory. Prog. Fish-Cult. 43(1) :3-7. 

Heuf elder, G.R., D.J. Jude, and F.J. Tesar. 1982. Effects of 
upwelling on local abundance and distribution of larval 
alewife {Alosa pseudoharengus) in eastern Lake Michigan. 
Can. J. Fish Aquat. Sci. 39:1531-1537. 

Hjort, J. 1914. Fluctuations in the great fisheries of northern 
Europe viewed in the light of biological research. Rapp. 
P.-v. Reun. Cons. int. Explor. Mer 20:1-228. 



162 



Hogue^ J.Jo Jr., R. Wallus, and L.K. Kay. 1976. Preliminary 
guide to the identification of larval fishes in the 



Tennessee River. TVA, Div. of Forestry, 
Wildlife Dev. Tech. Note 319. 67 pp. 



Fish. • and 



Houde, E.D. 1969. Sustained swiiraning ability of larvae of 

walleye iStizostedion vitreum) and yellow perch (Perca 
flavescens) . J. Fish. Res. Board Can. 26:1647-1659. 

. 1977a. Abundance and potential yield of the round 

herring, Etrumeus teres, and aspects of its early life 
history in the eastern Gulf of Mexico. U.S. Fish 
Wildl. Serv. Fish. Bull. 75:61-89. 



. 1977b. Abundance and potential yield of the Atlantic 

thread herring, Opisthonema oglinum, and aspects of its 
early life history in the eastern Gulf of Mexico. U.S. 
Fish Wildl. Serv. Fish. Bull. 75:493-512. 

. 1977c. Abundance and potential yield of the scaled 

sardine, Harenguia jaguana, and aspects of its early life 
history in the eastern Gulf of Mexico. U.S. Fish 
Wildl. Serv. Fish. Bull. 75:613-628. 

Indiana & Michigan Power Company (IMPC). 1977. Report on the 

impact of cooling water use at the Donald C. Cook Nuclear 
Plant. Submitted to Mich. Wat. Res. Comm. , Ind. Mich. 
Power Co., Fort Wayne, Ind. 194 pp. 

Indiana & Michigan Power Company (IMPC). 1979. Supplemental 

report demonstrating compliance with section 316(b) of 
the clean water act. Submitted to Mich. Wat. Res. Comm., 
Ind. Mich. Power Co., Fort Wayne, Ind. 

Janssen, J., and S.B. Brandt. 1980. Feeding ecology and 
vertical migration of adult alewives (Alosa 
pseudoharengus) in Lake Michigan. Can. J. Fish. Aquat. 
Sci. 37:177-184. 

Jude, D.J. 1976. Entrainment of fish larvae and eggs on the 
Great Lakes, with special reference to the D. C. Cook 
Nuclear Plant, southeastern Lake Michigan. Pages 177-199 
In: L.D. Jensen (ed.). Third national workshop on 
entrainment and impingement, section 316(b)-research and 
compliance. Ecol. Anal. Inc., Melville, N.Y. 

, and F.J. Tesar. 1985. Recent changes in the inshore 

forage fish of Lake Michigan. Can. J. Fish. Aquat. Sci. 
42:1154-1157. 



163 



^ , F.J. Tesar, J. A. Dorr III, T.J. Miller, P.J. Rago, and 

DoJ. Stewart. 1975. Inshore Lake Michigan fish 
populations near the D. C. Cook Nuclear Power Plant, 
1973. Spec. Rep. No. 52. Great Lakes Res. Div., 
Univ. Mich., Ann Arbor, Mich. 267 pp. 

, G.R. Heufelder, H.T. Tin, N.A. Auer, S.A. Klinger, 

P.J. Schneeberger, T.L. Rutecki, C.P. Madenjian, and 
P.R. Rago. 1979a. Adult and juvenile fish and 
ichthyoplankton in the vicinity of the J.H. Campbell 
Power Plant, eastern Lake Michigan, 1978. Spec. Rep. No. 
73, Great Lakes Res. Div., Univ. Mich., Ann Arbor, Mich. 
574 pp. 

, F.J. Tesar, J. A. Tomlinson, T.J. Miller, N.J. Thurber, 

G.G. Godun, and J. A. Dorr III. 1979b. Inshore Lake 
Michigan populations near the Donald C. Cook Nuclear 
Power Plant during preoperational years - 1973, 1974 o 
Spec. Rep. No. 71. Great Lakes Res. Div., Univ. Mich., 
Ann Arbor, Mich. 529 pp. 

, H.T. Tin, G.R. Heufelder, P.J. Schneeberger, 

C.P. Madenjian, T.L. Rutecki, P.J. Mansfield, N.A. Auer, 
and G.E. Noguchi. 1981. Adult, juvenile and larval fish 
populations in the vicinity of the J. H. Campbell Power 
Plant, eastern Lake Michigan, 1977-1980. Spec. Rep. No. 
86. Great Lakes Res. Div., Univ. Mich., Ann Arbor, Mich. 
384 pp. 

, C.P. Madenjian, P.J. Schneeberger, H.T. Tin, 

P.J. Mansfield, T.L. Rutecki, G.E. Noguchi, and G.R. 
Heufelder. 1982. Adult, juvenile and larval fish 
populations in the vicinity of the J. H. Campbell Power 
Plant, 1981, with special reference to the effectiveness 
of wedge-wire screens in decreasing entrainment and 
impingement. Spec. Rep. No. 96. Great Lakes Res. Div., 
Univ. Mich., Ann Arbor, Mich. 519 pp. 

Kellogg, R.L. 1982. Temperature requirements for the survival 
and early development of the anadromous alewife. Prog. 
Fish-Cult. 44:63-73. 

Lippson, A.J., and R.L. Moran. 1974. Manual for identification 
of early development stages of fishes of the Potomac 
River estuary. Environ. Tech. Cent., Martin Marietta 
Corp., Baltimore, Md. 282 pp. 

Madenjian, C.P., and D.J. Jude. 1985. Comparison of sleds 

versus plankton nets for sampling fish larvae and eggs. 
Hydrobiologia 124:275-281. 



164 



Mansfield, P.J., D.J. Jude, D.T. Michaud, D.C. Brazo, and 

J. Gulvas. 1983. Distribution and abundance of larval 
burbot, Lota lota, and deepwater sculpin, Myoxocephalus 
thompsoni, in Lake Michigan, Trans. Amer. Fish. Soc. 
112:162-172. 

Mansueti, A.J. 1964. Early development of the yellow perch, 
Perca flavescens. Chesapeake Sci. 5:46-66. 

r and J.D. Hardy, Jr. 1967. Development of fishes of the 

Chesapeake Bay region. Part I. Nat. Res. Inst., 
Univ. Maryland, Baltimore, MD. 202 pp. 

May, R.C. 1974. Larval mortality in marine fishes and the 

critical period concept. Pages 3-19 Ini J.H.S. Blaxter 
(ed.). The early life history of fish. Springer-Verlag, 
Heidelberg. 

McKenzie, R.A. 1964. Smelt life history and fishery in the 
Miramichi River, New Brunswick. Fish. Res. Board 
Can. Bull. 144:1-77. 

Nelson, D.D., and R.A. Cole. 1975. The distribution and 

abundance of larval fishes along the western shore of 
Lake Erie at Monroe, Michigan. Tech. Rep. No. 32.4. 
Inst. Water Res., Mich. State Univ., East Lansing, Mich. 
66 pp. 

Nie, N.H., C. Hull, J. Jenkins, K. Steinbrenner, and D. Bent. 
1975. Statistical package for the social sciences 
(SPSS). Second Edition. McGraw-Hill Book Co. 675 pp. 

Perrone, M. , Jr., P.J. Schneeberger, and D.J. Jude. 1983. 

Distribution of larval yellow perch (Perca flavescens) in 
nearshore waters of southeastern Lake Michigan. J. Great 
Lakes Res. 9:517-522. 

Robins, C.R., R.M. Bailey, C.E. Bond, J.R. Brooker, E.A. Lachner, 
R.N. Lea, and W.B. Scott. 1980. A list of common and 
scientific names of fish from the United States and 
Canada. 4th ed. Spec. Pub. No. 6. Amer. Fish. Soc, 
Bethesda, Md. 174 pp. 

Rupp, R.S. 1959. Variation in the life history of the American 
smelt in inland waters of Maine. Trans. Amer. Fish. Soc. 
88:241-252. 

Schnack, D. 1981. Studies of the mortality of Pacific herring 
larvae during their early development, using artificial 
in situ containments. Rapp. P.-v, Reun. Cons. int. 
Explor. Mer 178:135-142. 

165 



Schubel, J.R., and B.C. Marcy, Jr. (eds.). 1978. Power plant 
entrainment. A biological assessment. Academic Press, 
New York, N.Y. 271 pp. 

Smith, S.H. 1968. Species succession and fishery exploitation 

in the Great Lakes. J. Fish. Res. Board Can. 252667-693. 

Stevenson, J.C. 1962. Distribution and survival of herring 

larvae Clupea pallasii in British Columbia waters. J. 
Fish. Res. Board Can. 195735-810. 

Tesar, F.J., D. Einhouse, H.T. Tin, D.L. Bimber, and D.J. Jude. 

1985. Adult and juvenile fish populations near the D. C. 
Cook Nuclear Power Plant, southeastern Lake Michigan, 
during preoperational (1973-74) and operational years 
(1975-79). Spec. Rep. No. 109. Great Lakes Res. Div., 
Univ. Mich., Ann Arbor, Mich. 147 pp. 

Tesar, F.J., and D. Jude. 1985. Adult and juvenile fish 

populations of inshore southeastern Lake Michigan near 
the Cook Nuclear Power Plant 1973-82. Spec. Rep. 
No. 106, Great Lakes Res. Div., Univ. Mich., Ann Arbor, 
Mich. 94 pp. 

Theilacker, G., and K. Dorsey. 1980. Larval fish diversity, a 
summary of laboratory and field research. Pages 105-142 
Im G. Sharp (rapporteur). Workshop on the effects of 
environmental variations on the survival of larval 
pelagic fishes. UNESCO, Intergovernmental 
Oceanogr. Comm. , Workshop Rep. 28. 

Threinen, C.W. 1958. Life history, ecology, and management of 
the alewife. Wis. Conserv. Dept. Publ. 223:1-7. 

Tin, H.T., and D.J. Jude. 1983. Distribution and growth of 

larval rainbow smelt in eastern Lake Michigan, 1978-1981. 
Trans. Amer. Fish. Soc. 112:517-524. 

Wells, L. 1968. Seasonal depth distribution of fish in 

southeastern Lake Michigan. U.S. Fish Wildl. Serv. Fish. 
Bull. 67. 15 pp. 

. 1983. Lake Michigan fish stocks. Great Lakes Fishery 

Laboratory Quarterly Report: Jan. 1-March 31, 1983. 
U.S. Fish Wildl. Serv., Ann Arbor, MI. 

, and R. House. 1974. Life history of the spottail shiner 

{Notropis hudsonius) in southeastern Lake Michigan, the 
Kalamazoo River and western Lake Erie. Research Rep. No. 
78. Bur. Sport Fish, and Wildl., Washington, D.C. 
10 pp. 

166 



APPENDICES 



167 



C C C <N 






(0 •- W -^ 




0) 0) -H •-- '-^ (0 




•-''-t-vOZ^d) 




r ac5 (0 c -J '- 




E -^ 0)13 




•^ <0 »- T3 C (0 




2 w • ^ a C -^ H 




to 


m E <o — 




0) 


- c 0) CO a 




0) 


^(OOCWQE-H 




LU 


(03^^ «i (0 






-J C-H — ^-w^W t- 






c (0 a 0) 




r- <D 


C (0 r- E " -M- 




(0 (0 


£„ 3 (0^ "H 4^ Q) 




V > 


(D(DO(oejci:q: 




L. 


-K r - w D) 0) 




H- (0 


U) -H (0 «+- -r- ■,-. 






(0 £ c c • 






or 0) -H T3 T3 




X 


iz c c c a- i- 0) 




X 


■H •- -r- 0) E 0) V 






D L. f V r 




Ui 


3 T3 -H V 0) 




X 


OT T3 Q) (0 +J — 






W C •• '- 




o 


-■D 3 0)^^ L 




X 


4^ - r w 






C -r- V W -M 3 




z 


(0 t. 0) a-D > OT 




X 


r- 0) C "D Q) (0 <0 






ql a v^v 3 




o 


0) C >-^ CM 




D 


^ Q) .- 0) Z £- © 






- ar vw 0) - 




Q£ 


a E -H a r a 




03 


(J £ (0 £- Q -v E 






(0 to 3 ^ (0 


to 


-J 


• en 1 (^ to to 


a 


a 


U (0 '3^ 


3 




» 0) E •• (D "D Z 0) 





t/) 


Q r. Q)^ u on 


£- 


LU 


V .- r c -M 


0) 




0) jQ +- 0) -H "D 


\ 


t/) 


JZ M- 3 L. C C 


to 


z 


-H0t.0(DCfl3(D 


(D 




a to H- jc 


•r- 




vs. \ <D Q 3 





a. 


(0 (U^JC t. c o 


0) 


o 


13 CO -H w £. 


a 




TJ Ew £. t.^ 0) 


t/) 


tn 


0) 3 CM - -H 




s 


C C » C M- O (0 






-,- 0) W we- 3 




t/i 


<o ti) »- n 3 




in 


L, > ao^ -T3 (U 






•H - E\ ' C (!) ^ 




a. 


c-HcozD)or(0 




X 


0) 3 to -^ v • 






O U= C (0 c to 






0) 0) «— • -^ (D 




Q 


(Otfl«3tD0O— -^ 




-D 


>C4-»u(i)+'aj«*-+' 






£-OCCtO --0- 




(Dl 


(0 0) 0) C T3 to 




K 


r- E £- « 3 ^ C 






• "tuajcto-oo) 




a. 


"D^—M- 0*0 (OwTJ 




> 


C X3 a (D •- E 






(Ooaj.-H'-^ctDO 




s 


•-'3 (0 -r- C C 




t/> 


t0L.t01LCQC3Q) 






0) <U C3)w 4-« N 






O) a^^ «*- °^ T3 (0 






OJ CM to » C ^ 0) 




ta. 


rwC0(DCO(D-H 




t/5 


x: -H X3 3 > a (0 






W C - « (0 0) E O 






•r-OtOO)0"Di3(U-^ 






«♦" E 0) -^ C -H T3 




^ 


w»- u. 0) C 




< 


L. t. ^ +. c - •'" 






"D Q) tu CO -^ a 






«♦» atO (Dw+rf-0 E to 






S to JC C 0) (D 






-^ T5 » 0) tD H - 




a 


L. -r "^ +^ £- 




E O 


E-'COtD-HCX -H 




0} 


"D -H 3 "D 0) « C 




H 


O^CtOO"^ too) 






O«J«Jt.t0E(0.- 
O -HO) tl) (0 Jsc 




f— 




Q 


T- to to ^^r- > C 






\<i) >oi--a£-<o 




•H 


• -0^ (OwZ E <D '- 


to 


a 


OO-r-XJ w(04-'CQ 


£- 


o 


c o w Q) * to c 


(D 




w L. r •• -^ • 


■H 


t/> 


L. •• "H^^ - C 


tu 


^v^ 


tOtD^«*-I- — -HS-O 


E 


z 


(D-HtO OQirtO-^ 


(0 




— 0) 0) M- C -^ 0),- +^ 


£- 


■H 


■HE-0 •D-3«I 


(0 


I. 


— (0 t. ^w C O) c 


a 


C3 


to £- 0) C -r. (DO) 






C <0 to OwP- C3) t. - 


(D 


L. 


0) aw-»- Q c c to 


f— 


tv 


Q 4- . - 0) 


a 


V7 


0) t. (0 *- X} 


E 




.-> 0) U V • -M 


(0 


V 


• at/) to > L. <o to 


t/) 


a 


— E - t. <0 0) 




s 


(0 0)13 T3 - 






X to . •• 0) > <D O 






- E-^^r £. <0 E tD 






•0 (ooooTjca 




o 


c • c- V (0 «♦- o to 




-H 


Q) O 0) (0 tl) 0)M- 




to 


aco £. 0) C £. L. 




a 


ao) t. 0)-H r 0) 






< -.- aw (0 +- r- aM- 







oooooooooooooooo ooooooooooooooooo 



oooooooooooooooo ooooooooooooooooo 



coocMooOoooo'^OOooinOOCD^ 

66-^666666^666^66 



•p-T-f-T-cMCMCMCMT-^-T-f-cSCMCMCM 
ZZZZZZZZQQQQQQQQ 



cooocMtnojcooicMnoooootntDcococo 

CiCMCOCMCMCMCMCNiOJCMOOCOCOCMCMOl 



•r-'i-'^'r-cNCMCMCM-'-'r-^^CMCMCMCM-'- 
ZZZZZZZZOQQOQaOQQ 



intnLnioininioin'ininioinininiflin lAininininiomLninininLnininininir} 

••-CMC0C0'^OIC0C0'r-CMC0C0'»-CMC0C0 •r-CMCOCO"»-OJCOr)"<r-cMCOCO'»-"CMCOCOCO 



C0C0CM0)C0C0CM0)C0OCM0)C»3C0CM0) C0C0CM0)C0C0OI0)C0C0CM0)C0C0OI0)C0 



OOOOOOOOOOOOOOOO 
ootsoooooooooooooooooooooooocooo 
i I I I i I I I I t I I I I I I 

'r-^*--r-cMCgOICMCMCMCMCMCMCMOJCM 
CMCMCMCMCMOICMCMCMCMCMCMCMCNOICM 
i I i t I i I I I I i I I I I I 



CMCMCMCMCMOIOIO»OICMCMCMCMCMCMCMCV 



OOOOOOOOOOOOOOOOO 

COOOOOOOOOOOOOOOOOOOCOGOCOCOCOOOCO 
f I I i I I t I I I I t I I I I I 
C000C0(X)0)0)0)0)OO0)0)OO0)0)O 
CMOICMC^CMCMCMOICOCOCMOICOCOOICMCO 
I I I I i I I I I i I I I I I I I 



168 



a 

O 



(0 
0) 

a 

0) 

a 



c 



c 
o 



T3 

c 

0) 

a 
a 

< 



0) 

E 
(0 

L. 

a 



a 

E 
(0 



to 

Ui 



(Q CO 

•M > 

O t. 

K <0 



a 

E O 



a 
o 



o 

0) 

a 



OOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOto ooooooo 



oooooooooooooooo OOOOOOOOOOOOOOOO ooooooo 



in"^in^t**inO"^ooOtf)"^'^'iooo 
OOOOOoicooiininininoicococo 



•»--r-T--»-CMCMCMCM'»-'»-'^^OICMCMCM 
ZZZZZZZZQOOaOOQO 



oooooooooooooooo to CM O 0) CM O CO 

•.-••-T-«f-CMCMCMCM''^-^"r--r-CMCMCMCM t-^^^cNCMCM 
Z Z Z Z Z Z Z Z Q Q Q Q Q Q Q Q ZZZZZZZ 



minininiDiniDiniDtninininininin tninintntntninintntninininininLn ininininiDinin 

•^CMCOCO'^CMCOCO'^CMCOCO'-CMnCO "«^CMC0CO'^CMC0C^'«-C^C0CO"«-CMC0C0 -r-CMCOCO-^CMCO 



00 nCOCMCOCOCOCMOOCOWCMOOCDWCMCO COOCMQCOCOCMCDnCOCMQCOCOCMO) COCOCMOJWCOCM 



CM -r- -r- 



CM'«--^'»-CM'r-«i-^CM^-'«-'i^CM 
OCOCOCOCDOCOCOCOOCDCOCJCOOO 



OOOOOOOOOOOOOOOO 

GOCOOOOOOOOOOOCOOOOOGOGOCOCOCOOO 

I I I I I I i I i I f I I t I I 

OOOOOOOOOOOOOOOO 
I I i I I I I I i I I I I I I I 
CMCMCMCMCMCMOICMCMCMCMCMCMCNCMCM 



'^^'^^'l-^^'^'^rrfTt^rr^^^ 



OOOOOOOOOOOOOOOO 

COOOOOCOOOGOOOOOOOCOOOCOOOOOGOCO 

I i I I I I I I I I I i I I I I 
0)0)0)0)000000000)0)0)0) 
-.-<r-^T-cMCMCMCMOJCMCMCM'«--r-'i-*- 

I I I I I I I i I I I I I I i I 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



tn in in in LO in to 



ooooooo 

00 00 00 00 00 00 00 
I I i I I I I 

o o o-^ -^ -^ 

1 I I I t I i 
CO CO CO c*D o CO n 



169 



m 
a 

D 
O 
L. 
01 
^^ 
U) 
0) 

o 

0) 

a 
(/5 



T3 
Q) 

3 
C 

■H 

c 
o 
o 



13 

c 
® 
a 
a 

< 



c 
(D 



E 
(Q 

£. 
(0 

a 



a 

E 
(0 
to 



"H > 

O £- 
H (0 



O 



a 

E O 



a 

Q 



Z 



0) 

to 

T3 

a 

s 



ooooooooo 



OOOOOOOC0OOOC5OOO 
CD CN 



oooooooooooooooo 



ooooooooo ooooooooooooooo oooooooooooooooo 



cMOOoocoOl^^*^^ OOOoOOOOOOcot^ooo) 



ZQoaooooo 



T-«r-^^CMCMCMCM'^'»-'»"CMCMCMCM 
ZZZZZZZZQQQQQQQ 



OOOOoicoOmt^cMOODinooor** 



•*-T-<r-^CMCMCMCM^"»-'»-'«^CNCMCMCM 
ZZZZZZZZQOOQOQOQ 



ininininininininiD iDinintniointnininininminintn ininintntnininmintDirStniotflinir) 

0)COCJC>JO)C0C0CMCf) C»3C3eMO)P3TOCMC»C*3CJO)C»>WCMO) r3C*3CMO)COCOOiO)C*)C3CM<ncnWCMO) 



ininu)tf)ioinLntntD (p(Dto(0(x>(O(D(PCO(O(0(PU>(0(O 



ooooooooo 

GOOOOOCOGQOOOOOOOO 

I I I I i I I I t 



I I I I t I I I I 

C0C5C0C0C0OWC0C0 



ooooooooooooooo 

COGOOOCOOOCDOOOOOOQOOOOOOOOOOO 

I I I I I I I I I I i I i I I 

OICMCMCMCMCMCMCMCMCMCMCMCMCMCM 

I I i I i i i I i I I I I I I 
coococococoorjoncococococo 



t^t^r^r^t^^t^^'f^t^h't^t^t^h-t^t^ 



oooooooooooooooo 

OOOOOOGOOOGOOOOOCOCOGOCOOOCOOOCO 

I I t I I I I i I I I I I I i I 

f>.^t>«.|>>.t^t^ts.t^QO0O0O0OGO0OGO0O 

oooooooooooooooo 

I I I I i I t I I I I I I i I I 



170 



(0 

a 

D 
O 
i, 
Ui 

"^ 

to 
0) 



a 



0) 

3 
C 



C 

o 
o 



T3 

C 


a 
a 

< 



L. 
0) 

•H 

0) 

E 
(0 

iL 
(0 

a 



a 

E 
(0 



^ 

(0 CO 

V > 

O t» 

K (0 



a 

E U 



a 
a 



0) 
c/) 

T3 

a 



OOOOOcoOcoOOOO^CJC^OccOcooo OOOOOOOOOOOOOO-^O OOOOO 

CM 



OOOOOOOOOOOOOOOOOOOO OOOOcocNO)-r-i^toooooin'-''-0 OOOO 

0) CO'^C?)IjDCM00'^C0^00"^ 

CO 



OOOOOOOOinininininoooooOO 

0)C33C3)0)OOOOOOCOr^l**'t**t^t^OOOOCOOO"^'^'^ 



^^^^CMCNCMCM'^'«--'-''-T-cSICMCMCM'«-CMCM 
ZZZZZZZZQQQQQQQQQZZZ 



tntnininLnininintnintnininiDLntnininintn 

CM'»-C0C0CM"^r3C0C3CnCM'»-C3O«'«-OC0OC0r) 
C»3C0CMO)C9COCMO)O)00C0C0CMC»JC»)CMO)C000O) 



CM 



o 


0> CM 0) -r- 


m CO 00 o -^ 


0) 


-^ "•- 0) in 


CO "»- CO CO CO 



cMoo'^coincnh-i^cMcot^'r-oococoo 

CM-^-^-i-CMCMCMCMCOCOCMCOCO^CO^ 



^-.-i-^CMCMdCM-'-'^'^'r-cMC^CMCM 
ZZZZZZZZQOOOQQQO 



ininininiDintntninininiDininLniD 



COCOOOOOOOCOCOCOCOGOOOOOOOOOOOOOQOOOOOOO 0)0)0)0)0)(7)0)0)0)0)0)0)0)0)0)0) 



OOOOOOOOOOOOOOOOOOOO 

COCOOOOOOOOOGOCOCOOOOOOOCOOOGOOOGOCOCOCO 

I I I I I I I I I t I i I I I i I I I I 

CMCMCMCMCOCOCOCOCMCNCMCMCMCMCMCMCM-^CMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I I I I i I i 1 I I I I I I I I I I I I 



OOOOOOOOOOOOOOOO 

OOCOCOOOOOOOCOOOOOCOGOCOCOOOOOOO 
i I I I I I I I i i I I I I I I 
CMCMCMCMCMCMCMCMCOCOCOCOCOCOCOCO 

i I I I I I I I I I I i I I I I 

tnir)tf)inioiniDiniDir)ininininu)in 



OOOO 

CD y) CD CD 



z z z z 

(D in IT) If) 



'^OJCOCO'^CMOCO'-CMCOCO'-CNCOCO "t-CMCOCO 



C»5nCMO)COCOCM05rOC3CMO)COCOCMO) COCOCMO) 



1- ^ T- CO 
OOOO 



OOOO 

00 GO CO GO 

I I i I 
CD CJ) 0) 0) 
CM CM CM CM 
lilt 

in in in in 



171 



r- 0) 

<Q (0 

+^ > 

O £- 

I- (0 



(0 

a 

O 

(0 
0) 

o 

0) 

a 
I/) 



(D 

C 



C 

o 



T} 

c 

a 
a 

< 



0) 

E 
(0 
1. 
(0 

a 



a 

E 
(0 
(/> 



a 
E o 



a 

Q 



c/) 

a 



CJO^'TinO'^r^OOOOO 
00 O i^ CO tp 



OtO'^tOOOOOCOOOO 

CO n y~ ^ 



•^oO'^cooOLncMOcMcooo^-incM 

in^ h«-CMCO OtDCM0)CM0)tDC0r^ 



0000010)000000^0^0 

'^ CM CO CM CM 



(X)-^«r»oO'^CD^t«-t^C»COO)OT 

cMr-0)ini^0)0)t^^'^ajcMin 

OOCON-^rt'!tin'^00)tfiOO 

inooO'^"^t>*»cMCPCJ)in'*-c*3c»5 



OcpOcMinOOinOOOOO 
O '^ 0) "^ oj -t 



ifi O 

V- CM 



CP 
CO 



CM 0) 
^ CM 



O to 



CO 



CM 



CM 



o 

CO 



CO 

m 



CO ID CP 

in n ^ 



in 

CO 



O 

CO 



ininiDLOOOOOOOOO 
^rr^'tinininininininin 



CMCMCMCM'-'»-'^'^CMCMCMCM 
ZZZZOOOOOQOQ 



OOOOOOOOOOOOOOOO 



CMCMCMCM^-'-'r-'r-cMCMCMCM"^''-'-'^ 
OQOQZZZZZZZZQOOO 



OCOOO'tOinCOtOCDCMCMOOO 

inininin^^'^'^co'^^'stco 



'-'f-"^'r-CMCMCMCM"^'^"»-^CM 
ZZZZZZZZQQQQQ 



ininininintnminininintf) inioiDinmininininmintDiDininin ininininintniniDinininioiD 

'^CMCOCO'T-cMCOCO'^CMCOCO CM'«-COCOCM'»-COCOCM"»-COCOCM'^COCO ▼-CMCOCO'-CMCOCO'^CMCOC^'- 
COCOCMCDCOCOCMCnCOCOCMO) COC0CMO)C0C0CM<J)C0C0CM<J)C0C0CMCJ) COCOCM<J)COfOCM(J)COCOCMO)CO 



OOOOOOOOOOOO T- -r- . 



-.-<*-'*--r-T-^-r-^-.--r-i-f- CMCMCMCMCMCMCMCMCMCMCMCMCM 



OOOOOOOOOOOO 
cooooooooooooooooooooooo 



I I I I I 



i I i 



000000000(3)0)0) 
COCOCOCOCOCOCOOCMCMCMCM 
I I i i I I I I I I I I 
tnininiDintninininininin 



OOOOOOOOOOOOOOOO 

COOOOOCOCOOOOOOOOOCOOOOOGOCOOOOO 

I I i I I I i i I f I I I I I I 

OOOOOOOOOOOOOOOO 
i t I I I I I r i I I t I I I I 
(OCO(P(£)(O(P(PCD(X>(I>C0(X)CO(O(X>CO 



ooooooooooooo 

OOOOOOOOOOQOQOOOCOOOOOOOOO 

t I I i I i I I I I I I I 
<J)0)0)0)CJ)0)0)0)OOOOO 
OOOOOOOO'^-^'-'r-'^ 
I I I I I I ( I I I t I i 
(O(£>CP(I)(PCPCO(PCDC0(OC0(i> 



172 





U) 


to 


^ in 




0) 


CM 


CO CM 




0) 


00 o CO 




LU 


t^ 


in T- 


^^ 


CD 






CO 


(Q 


^ G) O 


-H 


> 


«r- 







(0 

X 
X 







(0 

a 

D 
O 

"^ 

0) 

o 
a) 
a 



"0 
0) 

C 



C 

o 
o 



c 

Q) 

a 
a 

< 



(0 

L. 
0) 

■H 

0) 

E 
(Q 

£. 
(0 

a 



a 

E 
(0 



a 
E o 

0) 



o 

0) 

to 
T3 

a 



cooco-^-^oocMO-^ininocoino)'^ 

'^'^OCOt^OCOO'^t^OOCM'^OOtOCO 

O'^OtO'^oroococNOcoTr'^coco 
inr^-»-'^nou)coo)inr)tDr^Lnc)'^ 
c»5inco'^inooiniD -^ 



tDtX)'^incMcooocM(jDoocr)'»-'Oi^'^co 
•^r^-^OinincMi^int^cDCM ncMO) 
cocM CO in^t^'»-^"'r- in^-^ 



CM'^'^C^OinCMC0intDC0'^C00)C0CD 

'r-"r-cMcot^O)'^in'^toin"«!tcococno 
Lnoocvi-r-o-^coinincDCor^cMtocMco 
ojtoinco'r-tpcMC4c^(D'^'»- 



•^ ^ CM r* 0) 

O to 00 CO CO 

0) O 0) CO ^ 

0) t** O) CO CO 



Otoooo)ooo)0^cM^iocx)too)into ino)cM^o 
■^inost^o cocoTtincoo)-^'^'^ O)<ocooco 

CN CM-r- in-r- ^ifj(>,^ tOOTCOCOOO 

in CO in r- 



in 



CO 



in 

CM 



0) 



CO 


o 


in r- 


to 


in 


CM 


00 


CM CO 


CM 








CO 



o 


^ 


^ in CM o 


CO 


in 


t^ CO to in 
CO in 



in CO 
CM r* 



to CM 
oi ^ 



O 

CO 



CM 
CO 



CM in 



CM CM 

in in 



CO 



CM 



CM 



toro^tintor^r-^'^ coo 

COCM'*-^CMCMt^O)'»- "«-C0 
^ -^ ^ CM 



o o 


00 


n CO 


-"t 


CM CM 





•^ oi O 
-^ ^ "^ 



CM CM CM 

Q Q Q 



cM-^cocM COCO to-^cn 

^O'^'^ tOt^ COOTO) 
•^ CM '^ CO "«- 



ininminoooooOOOOOOO 
totototot^t^t^r-i^t^r^i^totototo 



CMCMCMCM-^"<^-^'»-CMCMCMCMT-i-f-^ 
QQQQZZZZZZZZQQQQ 



to oj^cj) -^oiTtcMcotoinin 

^ 0)'-O CMCO-^rj-OOTtO-.- 

cM ojt- in-*- in'-'^ 



OOOOininminoooooooO 

OOCOOOCOOOOOOOOOO)0)CD(7)0)0)(7)0) 



T-i-^-i-CMCMCMCM-r--.-'r-T-cMCMCMCM 
ZZZZZZZZQQQQQQQQ 



O 

in 



O) t^ -^ O (J) 
O 00 to in h- 
CM 00 CO in CO 



in t^ to '^ to 

"^ '- O in t^ 

^ I^ O) 1- ^ 

^ oi CO in 



CM o in -^ O 



CO CO CO Ol CM 
CM Ol CM CM CM 



•^ -^ "- T- CM 

z z z zz 



ininin inintnininininininininininininin 



'^CMCOCO-^CMCOCO-^OICOCO'r-CMCOCO 



COCMO) COCOCMCOCOCOCMOOCOCOCMOOCOCOCMCO 



^^^ ^^^CM^^^C^^^^j^^^^, 



CMCMCM coconcococococococococococococo 



inininininininininLnininininintn ininininin 

•^CMCOCO'r-CMCOW-'^CMCOCO'r-cMCOCO "t-CMCOCO"^ 
C0C0CMO)C0C0CMa)C0C0CMO)C0C0CMO) COCOCMOTCO 



o o o 

00 00 00 



o oo 



I I I 
to to to 



oooooooooooooooo 
cocooooooooooooooooooooooooooooo 
I I I i I I I I I I I I i I I I 
OOOOOOOO'^'^-^'^'-'^''-"'- 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I I I I t I I I I I I I I I I I 

totocotototototototototototototo 



rfTfTj-Tt'^j-rfTfttTt'^rr'^Ttrfrrrr 



oooooooooooooooo 
oooooooococooooocooocooooooocooo 
I I I I I I I I i I i i I I i I 
inininincotototototototototototo 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM04 
I I I I I I i I I I I i I i I I 

totototototototototototototototo 



in in in in in 



O O O O 

CO 00 oo 00 CO 

i i I I i 

^ ^ -^ -^ in 

1 I i i I 
r^ t^ t*- 1^ t«* 



173 



(0 

a 

O 



o 
a 






r- 0) 

(Q (0 

■H > 

O L. 

I- (0 



T3 
0) 

3 
C 



C 
O 

o 



T3 

C 
0) 

a 
a 

< 



m 

L. 
0) 

£ 
(Q 

(0 

a 



a 

E 



a 
E o 

0) 





a 

s 



oono^-nn-q-ojooo 

0)(fla)COCMC5CX)CO(DCDD 
tD(X)(PC0C0O)^'«t^CNC\J 

CD cx) in -^ ••- 



-r-CDOJOin^-^cDCNCorr 

^ -^ "^ OJ V- 



in"r-t**co'^incNOcMO!flcocooo(Dc») 

C3COOOCD'»-CM'!tO)t^CMOOOC*3int^OO 

ID CO Oi Ol "- 



OOOC0lfJCMO0)'^CMOCMt^0)OO 
"•- CM <N 



inoot*-OO^cM^OOiPOO)0 
cNiincMCp'^^iooot^ "^ IP 

CM "^ "t- (P «*- 



OCMO^OCNOOOOOO'^O 
CM cp m ifj CO o 



o 
in 



0) t^ 

o t-. 

'^r (p 



T- O ^ CM 

(p r^ '««' CO 

CM Ol 



CO 
CM 



o 





CO O 0) 


O 


Q. 


C3) -r- (P 


t^ 


t/) 


0) I^ -^ 

-r- CM -^ 





^ in <* 

••- CO CM 



cor^cM-^oococo-'-r^-'-^ 
OOinO0)i*-J*-'^OOO 

CM^COO>0)CM CM"«tCOCM 

CM -r- ^ 1- 



ocoinc^ 0)^cM cMt^o), 
cooocMco tpcocM coin-*- 

T- CM CM 



O CM O ^ CM 

CM CP in in CO 






O'^-^cMcoOinininoocp oooOininininOOOOOOOO OOOOif)inininooOOOO 



CMCMCMCO-r-COCMCOCOCOCO 
CMCMCMCMCMCMCMCMCMCMCM 



CMCMCM-^-'-'^'^CMCMCMCM 
ZZZOQOOOQOQ 



OOOO0)0)0)0)"^'^'^'^CMCMCMCM 
CMCMCMCM'»-'«^"»-'^CMCMCMCMCMCMCMCM 



■r--r-T-^CMCMCMCM"^'^'^"»-CMCMCMCM 
ZZZZZZZZOaOOOQQO 



CMCMCMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMCM-r-^^-r-CMCMCMCM'^'*- 
ZZZZQQQQQQQQZZ 



ininininininininininm ininininmininininir^ininininmin tnininininininininininininin 

CMCOCO-^CMCOCO-r-CMCOCO CM"^C0nCM'^COCOCM'»-COCOCM'r-C0C0 CM"9-C0C0CM"^C0C0CM"»-C0C0CM'^ 

C0CMO5C0C0CMO)C0C0CMO) COCOCMCOCOCOCMOOCOCOCMCOCOCOCMOO COCOCMOOCOCOCMOOCOCOCMOOCOCO 

^^^^^^^^^^^ ^^^f^^^f,5C^^,-.eOCM'»"'r-'.-CM ^^<r-cM'^'»-"»-CM''-"'-'r-cM"^'«- 

ininiDinintnininininin (p(p(p(pu)(p(pu}(p(p(p(p(P(pcp(p t*»r«.r*«t>'r«-t*'i**'h»i^f*'i^t**t*>'t*^ 



OOOOOOOOOOO 

COOOCOOOOOOOGOOOOOOOOO 

I I t I I I I I I I I 
inininintnintninininin 

I I i I i I I I i I I 



OOOOOOOOOOOOOOOO 

COOOOOOOGOOOCOGOOOOOOOOOCOOOOOOO 

I I I i I I I I I I I I I I i I 
TfTt'^Tfinininininininininintnin 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I I i I I I I I i t i i i I I I 



OOOOOOOOOOOOOO 

OOCOOOOOCOCOOOCOOOCSGOOOOOGO 

I i I I I I I I I I t I I i 
OOOOOOOOOOOOOO 
COCOCOCOCOCOCOCOCOCOOCOCOCO 

I I I I I i I I I I I I i i 



174 



CO 

a 

D 
O 

L. 

a 
"^ 

(0 
Q) 


0) 

a 



C 



C 

o 

CJ 



T3 

C 
Q) 

a 
a 

< 



0) 

!L 
0) 

0) 

E 
(0 

!L 

a 



a 

E 

fa 



(0 <o 

•M > 

O £- 



a 

E U 
0) 



a 

D 



o o 



OOOOOOOOOOCDO0)C0<^O 
in '^ CM 0) 

CM -r- 



o o o o o o o o o o o o o o o o oooooo 



Oin '^OOOCDOOOO'^caOOOCD^ Ot^OOOOOiocM^'«-OcMCM''-(D 

O tOCM V- CM OiCM OP '^ n -^ coco -^CMCOCM -"-CM-r-CM 



OOOOOO 



CM 
CO 



in 
en 



O 



O 



O O 

^— ^— 

CM CM 

z z 

in in 

CO CO 



CM o 
CO 00 



O 

CM 



•^ 00 
CM CM 



in 



to -^ 

'^ CO 






OO inCMT--»- CMCM-r-tD 

coco -"^OIOOCM "^CM-r-cM 



ininininooooininininoooo -^oooocjjcooincDOJoocooooooco-'-" OOOOOO 



COCOCOCO't^^'^COCOCOCO'it^^"^ 
C^C^<OICMOICMOICMC^JOIC^CMOIOIOICM 



T--r--r.^CMCMCMCM"'-'^'^'-CMCMOICM 
ZZZZZZZZQQQQQQQQ 



inininininininininininininininin 



CM"«-C0COCJ'^C0COCM^COCOCM'«-COCO 



CMOO COCOCMOOCOCOCMOOCOCOCMOOCOCOCMOO 



^COCOCOCMCOCMCMCOCOCOCOCOCOCMCO '^•^'^^COOO 

OJCMCMCMCMCMOICMCMOICMCMCMCMCMCM ^^,-t-^^ 

'r--»-^T-CMcMOIOI'^"^'^^OICMC^OI -r-^^^cMcM 

ZZZZZZZZQQQQQQQQ ZZZZZZ 

ininininininininininininininintn inintntninin 

CM-^COCOCM-^COCOCM-^COCOCM-^COCO CM-^COCOCM-^ 

C0C0CMO)C0C0CMCJ)C0C0CMO)COC0CMO) COCOCMQCOCO 



t^t^ OOOOOOCOCOCOOOCOOOCOOOCOOOCOOOOO CJ>0)0)0)0)0)CnCDCJ)0)0)0)CD0)0)C7) OOOOOO 

-»-•»- T--r-'r-y-'r'^^'r-'r''^f-T''r-'r''^-r' ^^^^^^^^^^^^^^^^ CMCMCMCMCMCM 

OO OOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO OOOOOO 

0000 OOOOOOOOOOCOOOOOOOOOQOCOOOOOOOOO OOOOQOOOOOOOCOOOOOOOOOOOOOOOOOOO 000000000000 

II I I I i I I I I I I I i I I I I i I i I I I I I I i i I I I I I I I i I I I 

OO CDC0ti>tDr**h»t^r*»h»t^h*r«-h«t**t**r* "-▼-■^•'-oicmcmcmcmcmcmcmcmcmcmcm "'-'•-•r-T-cMCM 

COCO OOOOOOOOOOOOOOOO ^^^^^-r-^^^^^-r-^^^^ CMoic^CMCMCM 

11 I i I I i I I i I i I I I I I I I I I I i I I I I I I I I I I I I I I I I I 

r>oh>> oooooooooooooooooooooooooooooooo oooooooooooooooooooooooooooooooo oooooooooooo 



175 



0) 
0) 



ooooooooc^o 



oooooooooooooooo ooooooooooooooo 



CMCOOOOOOOOO 

CO "•- 



oooooooooooooooo 



OOOOOOCMOOOOOOOO 



X 
X 



(0 

a 

D 

o 

Ui 

o 

(2) 

a 



o 

X 



X 



o 



Of 
03 



o 



in 

z 









X 



Q 









Q. 



CM CO 

CO "•- 



CJ) CM 
••" CO 



a 

E O 
0) 



OO»f)inini0OOOO 
coooinin»nin'^"«!t^^ 



CMCM-^-^^-'-CMCMCMCM 
ZZOOQOOOOO 



OOOOOOOOOOOOinininin ininOOOooOOOinOcMininO 



0)0)0)0)t^r^l^t^0)0)0)0)OOOO 

'r-'r-^^'r--r--i--r-^"r-T--.-CMCMCMCM 

CMCMCMCM"«-'r-^«r-CMCMCMCM''-'r-'r-«'- 
QQQQZZZZZZZZQQQQ 



OOOOOO'^O'^OCOCOCOCOCOCO^ 
^T-CM'r-CMCMCMCMCMCMCMCMCMCMCM 

^^^^C^CMCMCM'»--'"'*"'^CMCMCM 
ZZZZZZZZOOOOQQO 



T3 
0) 

c 



c 
o 
o 



-0 

c 

0) 

a 
a 

< 



CO 

L. 
0) 
■H 
0) 
E 
(0 

(0 

a 



a 

£ 
(0 



a 
o 



z 



o 

1. 
t/) 

a 



(0 

o 



inmtninininmtniou) 
cncocM'^cococM'^con 

CMO)COC0CMO)C0C0CMO) 



oooooooooo 

CMCMCMCMCMCMCMCMCMOJ 



oooooooooo 

GOCOOOCOOOCOCOCOOOCO 

I I I I I I I I I i 

CMCMCM04CMCMCMCMCMCM 
OICMOIC^CMCMCMCMCMCM 
i i i i I I I I I I 

oooooooooooooooooooo 



ininintnintnintntniniDLniDiDinto 

CM-r-C0C0CM"'-C0C»3CM"»-COC0CM'*-C0C0 
CnC0CMO)C0C0CMO)C0COCMO)COC0CMO) 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



OOOOOOOOOOOOOOOO 

OOGOOOOOQOOOOOOOGOOOGOGOOOGOGOGO 
I i I I I I I I I I I I I t i i 

oooocoooooooooooo)CDa)0)a)0)0)0) 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I t I I I I I I I I I I I I I I 
OOGOCOOOOOOOOOOOOOOOOOOOOOOOOOOO 



ininiominiDtninininininininif) 



CO'^CMCOCO^'-CMCOCO'^CMCOCO-^CM 



CMCOC»50)CMCOCOO)CMCOCOO)C<COC»3 



CMOICMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



OOOOOOOOOOOOOOO 
OOOOCOOOOOOOOOOOOOGOOOOOGOOOOO 

I I I I I I I I I i I I i I I 
cooooooocDa)0)o>o)0)CDO)0)0)o> 
ooooooooooooooo 

I I I I I I I ! I I I I I I i 



176 



tn 
a 

3 

o 
m 




0) 

a 



T3 
Q) 

C 



c 
o 



T3 

c 

a 
a 

< 



m 

(H 

E 
(0 

s. 

(0 

a 



a 

E 
(0 



r- 0) 

(0 «J 

■H > 

O £- 

I- (0 



a 

E O 
0) 



a 
o 



0) 

in 

T3 

a 



O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O CO 



ocoinooooooooooooo 

OJ CM CM 



oooooooooooooooo ooooooo 



CO If) 

01 CM CM 



If) oooooooooooooooo <:>oif)if)ooooo)if)OcDt^cMOipcD ooooooo 

0) oocooooooocooocooooooocoh»h-t^r^ (Dti)if)coif)^iO'«r'«tif)^^^io^rt ^^^^^^^ 

CM •r-"i-"r-^cNC^C^CM-^'^''-'r-cMCMC^OI ^^•^•^"r-cMCMCMCM'«-"r-'r-^c>IOIOJCM OJCMCMCM"^"^-!- 

Q ZZZZZZZZQQQQQQQQ ZZZZZZZZQQQQQQQQ QQQQZZZ 

in mif)if)tf)Lninif)if)if)Lf)ioif}LOif)if)if> LDif}if)if)inLf)tf)if3if)if)inif)inLOLntf) if)tf}tf)tf)if)if)tf) 

CO •»-CMC0C0'«r-CMC0C0"r-cMC0C0"»-CMCOC0 <S"«-COC0CM'»-C0C0CM-»-C0COCM'^C0CO CM^COCOCM-r-n 

O) C0C0CM0)C0C0CMCDC0C0CM0)C0€0OIO) COCOCMO)C0C0CMO)C0C0CMO)C0C0CMO) COCOCMODCOCOCM 



CM COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 

CM CMCMCMCaCMCMCMCMCMCMCMCMCMCMCMCM 

O OOOOOOOOOOOOOOOO 

00 GOOOOOOOOOOOOOOOOOCOCOOOCOOOOOOO 

I I I I I I I I I I I I I I I I I 

0) COCOCOCO'^'^^^^'^^rtCOCOCOCO 

O OICMCMCMCMOICMCMCMOJCMCMCMCMCMCM 
I i I I I I I I I I i I I I I I I 

0) <JiOi(J)OiOiUiO)<HOO<TiO)Oi^(TiO) 



C^CMCMOICMCMCMCMCMCMCMCMCMOIOICM 



OOOOOOOOOOOOOOOO 

COQOCOOOOOGOOOOOOOOOGOOOCOOOCOGO 
I I I I I I I I I I I I I t I i 

cocococo^t^^rr^'^'^^'^Tr^ 

I i i i I I I i i I i I r I I I 
OOOOOOOOOOOOOOOO 



CO CO -t- "^ CO CO •»- 



in IT) in if) in to If) 

CN Ol CM CM CM CM CM 



OOOOOOO 

00 00 CO 00 00 CO CO 

i i I I I I I 

O) 0) 0) 0) 0) 0) CD 
C^ CM CM CM CM CM CM 
I I i i i i t 

OOOOOOO 



177 



(0 

a 

3 
O 
t- 
O) 

^^ 

0) 

o 
a 



0) 

C 



C 
O 

a 



T3 

c 

a 
a 

< 



a 

E 
(0 



■H > 
O £. 
H (0 






C/) 



in 



a 
E u 

0) 



a 

o 



O 1^ o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 



-^ o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 



OOOOOminiDin oJOincMcooocoOO^mcocMCOCocM OOOOOOOOOOOOOOOO 

•r''r^i'-^'r~aia)G)ai 00000)0)000)0)0)0)0)0)0)10 t^t^t^r**r**r**h-t*-r*t^t*-r^t^t^t^i^ 

"•-CMWCMOJ'^'-"'-'^ •r--r-T--»-cMCMCMCM"^"«-'-'^CMCMCMCM ••-T-'r-i-cMOICMCM'^'^'r-T-CMCMCMCM 

ZZZZZQQQQ Z Z Z Z Z Z Z Z Q Q Q Q Q Q Q Q Z Z Z Z Z Z Z Z Q Q Q Q Q Q Q Q 

mininiDiDinininif) iniDinininiDinininininininintnif) ininininiDinioiDiniDinLninininin 

cocM'»-cocooj'»-coco cM'^conoj'^coocM-'-cococS'^ocn ci'fcnnci'^iyimoi-^mcoci'r'coco 

0)OC0CI0)C0C0CM0) COC»3eMO)COCO<NO)C3COC40)COCnCMO) cnC0CS0)C3C)CM0)OC0CM0)WC»5OI0) 



C4 CJ Ol Ol CM CM CM CM CM CM Ol CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM Ol CM CM CM CM CM CM CM CM CM CM CM 

OOOOOOOOO OOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO 

OOCOOOOOCOCOOOOOCO COCOCOGOOOOOCOOOCOOOOOCOOOCOCOCO OOOOOOOOOOCOOOOOCOOOCOGOCOCOGOOO 

7 I I I I I Ti T T I I I I I I I « I I I I I I I I I I I I I I I I I I I I I I I 

CMCMCMCMCMCMCMCMCM ^T-^^^n--r--r-T-'r-T-i--r-i-T--r- CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

V V V I I I I I I I t I I I J I I I I I I I I I I I I I I I I I I I J I I I I I I 

OOOOOOOOO ^ ^ ^ ^ ^ ^ T- T- ^ ^ T- ^ ^ ^ ^ ^ "^ '^ "^ r II r ZI H H 31 Z Z Z ZI II ZI 



178 



If) 
a 

o 



CO 

CD 

b 

cu 
a 

CO 



"0 
0) 

3 
C 



C 

o 



c 

0) 

a 
a 

< 



w 
t- 
0} 

•H 
0) 

s 

(Q 
L. 
(0 

a 



a 

E 

(0 
I/) 



^ 

(0 m 

■H > 

O £- 

H (0 



O 



a 

E O 



a 

Q 



o 

i/) 

a 



(0 

o 



oooooooooooooooo oooooooooooooooo 



oooooooooooooooo oooooooooooooooo 



ooont^ooooOcoOir)CJ)ooinr^coin 
ir)t*»c£)cot*-t^t^i^t^cx>cDCDiDif)inin 



"^■^■^•^CMCMCMCN-^-r-T-x-cMcMCSCM 
ZZZZZZZZQQQQQQQQ 



LnintDLnininiDinmiDiniomininin 



CM-'-COCOCM^COCOCN-r-COCOCM-'-COC*) 



C0OCN0)C0CnCM0)C»)C*)CM0)C0C0CM0> 



OOOOOOCOCOCOCOCOCOCOGOQOOOOOCOOO 
CNCMCMCNCMCMCMCMCNCMCJCJCMCNCNCM 

OOOOOOOOOOOOOOOO 
oococooooooooooooooooooooooooooo 
I I i I I I I i I I I i I I I I 
0000C000O)O)O)O)O)O)O)O)O)O)O)O) 

oooooooooooooooo 

I I I I i I I I t i I I I I I I 

CMCMCMCMCM04CMCMCMCMCNCNCMCMCMC>< 



ininiDinoinir)cooininc»3000t^ 
Ot^t^oo'^'!t-^'!t'i°^'«t'^iDtP(X)m 



CMCMCMCM'T-T-^^CMCMCNICM'^'r-^''- 
QQQQZZZZZZZZQQQD 



LntnininiDLnininininininiDininio 

COC»5CMO)COCOCMO)r3CnolO)COCOCMO) 



o)0)0)0)0)0)0)a)a)0)G)CDO)0)0)0) 

CMCMCSCMCNCMCMCNCMCMCNCMCMCMOJCM 



OOOOOOOOOOOOOOOO 

OOQOOOOOOOCOOOCOCOOOGOOOOOOOOOOO 



I 1 I I I 



I i I I I I I I t i 



i^t^t*'h»t**i^r*'f*>cooooooooocoooco 



I I I I I I I I I t I I i I I I 

CMCMCMCMCMCMCMOiCSCMCNOICJCMCNCM 



179 



(Q V) 

D C 

c o 
c - 

(0 c 

0) r- ^ 

i: 3 »- 

-H o a 

'- E 

O) (0 (0 

com 

Z c *- 

3 •'- o 

"0 c 

T3 0) O 

O W "^ 

L. (Q 

0) -H C 

a o D) 

c -^ 

a'- 13 
E a 

(0 E £. 

(A (Q 0) 

0) I +-» 

r w £» 

-H E 3 

0) <4- 

O 13 •• 

IL £- r 

i2 D 

E^ O 

3 n m 

C w\ 

r 



o 
o 

(V 

i: 

> 0) JL 

V - r- O • 

(0 -H a c 01 

D Ew.^ 

O (Q u- 

W \ Q) 

C r- Z Q) 
0(0 
O V 

c • 

.. 0) 0) 

^ E O 

T3 0) C 

O — 0) 

-- a t- 

L. a 0) 

a tn 0) 

•H CM £- 

C w o 

o «♦- 
E » 

w to CO 

0) 

•D -'- • 

a L. o) 

(0 u. 



M-. -H -H 

o r r 

O) O) 

E E C "D 

r E 0) o 
•H r 0) 
a o -H ^ 

0) 4^ o »- 

"D o 

^ L. o 

(0 o 

••3 W 

'-^ "0 > (0 

i: (0 5 
acM (D 

Q) Z £- - 

X3 w a 
w r E 

- ^-^ (0 
■H ^ O W 

3^0) 

13 z r 

o -H 

• o 

O C 

c c (0 r 

0)0 5 
£- O Q 

0) C O £- 

M- w 0) 

^ '^ v 

£- CM - (0 
Q CD 5 



3 0) OT 

-T3 J^ 0) 

C Q) 03 — 

O r V 4-* 

O O C -^ 

C W -^ W 

c 

O — M- 0) 

-H Q) O X3 

C "5^ O 
3 O £- 
(0 »- w 0) 



X3 <a 
E 



N 
0) 

£. 0) 
^0 3+- 



Q C -H 



(0 
(0 O 

0) -D 

a c 



.. T3 0) 

0) C Q) 

L. (0 (0 
(0 T3 

C - 

W (0 0) 

0) ^J 4-* 

"D W (0 

O C 

O^ OJ 

L.C > 
<D (0 
"H •• X2 
0)^0) 
E U) £. 
(Q 0) O 
t. — t». 

(0 t- 

a 0) M- 
(0 o 

- c 
a £- o 

E Q) - 

flj (/> -H 
CO CO 

o 
« . o 

00 (Q 
0) J. .. 

O 0) 



c •> c 

C3) C O _ 

- 3 > E •*- 

(A (0 0) 0) 

a> "D ii 4-» w 

T3 Q) 

O O) •• "^ 

o -H c a £- 

C •- E +^ 

-H "O 0) c 

^r c H 0) 

CO D) Q) 

^^ -^ -M ^ 

C X • c 

» X3 (D W CO 

JZ — - — 

•H E U) (0 CO 

Q) > 



O ^-^ — £- 

m '^ a (1) 

Z E -H 
^w (0 C 
CM U) — 



^ - L. C 

-»- +* CO 01 

r r ^ - 

•H -^ O) 3 CO 

L. -o •- 0) 

o w c t: 

c t. 

^ O) £- W 

^ Q C - 

•^ o 



CO 

CO O 13 
■H £» 

(0 > E 

£- (. CO £. 

O) O T3 O «*- 

r 0) t. 2 

O C 

CO r o a 
v .- >- 

(0 13 
4-' C ^ CO CO 
CO •'- Z 3 h- 



CM 

xcacocoj o)o 

— CO £-0CT3C-H 
"O 0)(D O)—-^ C-^ 
C-^'->-^4-''- CO— £- 

r a (0 a a 

aOE-HOEQE«- 

a-^cococo-icoo) 



,- 

CO CO 

■H > 

O £- 

H" CO 



a 

E O 





OOOOOOOC30OOOOOOOO 



OO0)OC»O'^tDO!CMC3)0)OOCSJ'»-' O 
CM -^ CMO)^t*-COCX) co-^ 

Ci -^ CO 



0000000000000000 0000000000000000 



OcMOOinco^t^cMCOOiocor^''-t^ 

OOOOOCMCM'^^CM'^COCO^COeO 



^^^^f>ICMOJCM'^^"»-'^CMCMCMCM 
ZZZZZZZZQQQQQQQQ 



inLnintnininiDiDinininintniniDin 

C^'f-COCOCM-'-COCOCM-'-COCOCMT-rOCO 



COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 



o 



^^^^f^C^pgCMCMCMCMCM'^'^''-''- "«- 
Z Z Z Z Q Q Q Q Z Z Z Z Q Q Q Q Z 



tnLnininiDinir^mininintnininintn 



CM'^COCOCM"^C0C0CM'»-COC0CMCMCOC0 



C0COCMO)COC0CMO)COC0CMO)C0C0CMC3) C0C0CMO)C0C0CMO)C0C0CMO)COC0CMO) CO 

^^^^^'^-f-'r-T-^^T--*""^'^".- CMCMCMCMCMCMCMCMCMOiCMCMCMCMCMCM CO 

GOCOOOCOOOCOOOOOCOOOCOOOOOCSOOOO 0OCX)0O0OCOCOCO0OCOCX>0OCX)0OCO00CO CO 

I I i i I I I I I I I t I i i I I I i I I I I I I I t I I I t 1 I 

CMCMCMCMCOCOCOCOCOCOCOCOCOCOCOCO t^t**I*»t*-0O0OCOCX)CX)0O0OCO0OCX>CO0O O) 

^^^^■»-^i-^^'r-T-ir-«r-"r-i-^ CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM O 

I I i I I I i t I I I I i I I i I I I I I I I I I I I I I I i I I 



180 



0) 

3 
C 



C 

o 
u 



"0 

c 

a 
a 

< 



CO 

a 

o 

c 

G) 

O 
0) 

a 
in 



■♦■■' 
0) 
£: 

a 



a 

(0 



^ 0) 

(0 (0 

•H > 

O t. 



a 

E U 
0) 



a 
o 



(3 

I. 
0) 
(/) 

a 



OOOOOOOO0)O'=fOOOO 
CM 'T- CM 



oooooooooooooooo 



OC0OOP*O0)OiPO 
in ID CO i^ 



ooooooooooooooo oooooooooooooooo oooooooooo 



inocMOcoOioocDinoooiDco"^ 

CMtD'^^CM'^C0II3'^Tf'«:t^C0'«!tTt 



OOOOOOOOininifiioOOOO 



ino)ino)inincot*»0'5f 
rtcocoDin^rr*^^co 



T-^^CMCMCMCMCMCMCMCM"^"^-'-''- 
ZZZOOOOZZZZOQQO 



CMCMCMCM'^'r-'»--T-cMCMCMCM'^'*-'^'- 
QQOQZZZZZZZZOOQO 



^^▼-i-CMCMCMCMCMCM 
ZZZZQQQQZZ 



inininLnininiDiniDintninininin tnininiDinioinininiXJinintninintn LninintntnininmiDLn 

•^C0C0CM'-OC»5CM'r-C0C0CM''-C*)C0 CM'»-C»5C»)CM'»-C»3COCM'»-r5COCM'^OCO CM-r-CJCOCM-^COCOCM"'- 

C»)CMO)C3rDCMO)COC»5CMO)COCOCMC3) COC»3CMO)CnP)CMO)C5r5CMO)COCOCMO) COCOCMOCOCnCMOCOCO 

cocococonconcocnconcocococo rr^^^^^rr^^^^rt^tt^^ iDininininintoininin 

OOOOOOOOOOaOflOCOOOOOOOGOOOCOGO OOOOOOOOCDOOOOOOOOGOOOCOOOOOOOOO cooococooooooooooooo 

i I I I I I I I i I I I I I I I I I I I I I I I I I I I I I 1 I I I I I i i I I I 

0000000000000000 tntnif)ininintnincD(0(DU>c0C0(O(p u>(X}cou}r^t*^rot^t>^t^ 

OOO''-"^'^"^'^^'^-^"^'^'*--^ CMCMCMCMCMCMOiCMCMCMCMCMCMCMCMCM ^^^^^^^^^^ 

1 I I I i I I i I I i I i i i I i I I I I I i I I I I I I i I I I I i I I I I i I 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM COCOCOOC3COOCOCOCO 



181 



(0 

a 
o 

(0 
0) 

o 

a 



T3 

D 
C 



C 

o 
o 



T3 
C 
0) 

a 
a 

< 



0) 

-H 

(D 

E 
(Q 
L 
(Q 

a 



a 

E 
(Q 



CO 
UJ 



^ 0) 

■H > 

o t. 

K (0 



a 
E a 

(U 



a 
o 

z 

£. 
(J 

L. 

o 
(/) 

a 

z 



ooooo o o o o o o o o o o o o o ^ o o o o o o o o o o oo o o o o o o r-. o o 

CM CNJ 



ooooo o o o oo o o o o o o o o o o o o oo o o o o o oo o o ooo o ooo 



O CO O lo CM 
•^ D rr "^t rf 



Ol CM T- -r- -r- 

z z o o o 



•r--r-f-T-ix)if)inininiominoooo 
od66"*'9-'^^'«f'<trr^^'«t^'^ 



-r-i-^'T-CMCMCMCMCMOICMCM''-'^"^-'- 
ZZZZQOOOZZZZOOOQ 



OOOOcot^iof-OOinooOOcoo) 

CM00OOt*>t^I^t^0000t**t**C»00t^t** 



•r-'r-^^CMCMCMCM"'-"«-'^'»-CMOICMCM 
ZZZZZZZZOOQOOQQO 



loinininin lominininminiDintntntnininiDir) inininiointniDinininininintnintn 



OOO 

CO CO CO 



z z z 

tr) in in 



CO C^ f" m m CM'^CDCOCJ^C0C»5CV'^COCOCM'^C0C0 CM'^C0C0CM'»-CnC^CM'^C0P3CM'»-C^CO CM-^CO 
CMOCOCMO) CDC5CMO)COCOCMO)C»3COCMO)COnCMO) C0r3CMO)C0nCMO)C*JC0CMO)C0COCMO) COCJOi 



loioiDiDio (DiotoiocDcpcDtoujtotpio^iDCDto r*r^r*»t^t«*»r*>r*'t*-t*«>t*»h't^t*'p^h->t^ ooooco 



00 CO 00 00 GO 

I I I I I 
t»* r«- r^ r- I*- 



C3 O CO O O 



00000000000000000000000000000000 

I I I I I I I I I I I I i i I i 
inir)U)tn(i>(r)(0(D(P(P(O(i>(0(0co(0 

CMCNCMCMCMCMCMCMCMCMCNCMCMCMCMCM 

I i I I I I I I i I I i i I I I 

OCOCOWCOOWCOCOCOCOOCOCOCOW 



cooooooococooocooocooooocoooooco ooooco 

I i I I i I i I i I I I I I I i III 

O O O O O O O O O O O O O O O O CM CM CM 

I I I I I I I I I I I I I I I I III 



182 



m 

a 

D 

o 

^^ 

m 

0) 

o 

<D 

a 
en 



0) 

C 



C 

o 



C 
0) 

a 
a 

< 



m 

0) 

(0 
E 
(Q 

«J 

a 



a 

E 
(Q 
CO 



to 

Lit 



r- 0) 

(0 (Q 

-H > 

O £. 

h- (0 



a 
E u 

0) 



a 
o 



o 

0) 

a 

s 



f^COOOOOOOOOOCMO)!^ 
CM ^ «.- ^ CM -^ T- 



OOOOO'-OOOOOOO 

CM 



OOnotDincMinco-^t^CDOTOcMO) cmcmcnco^ot^^oooocoo) 

•r- COCOncM -^ CM'l-CM COIOCOCOCDOT'^COCDCM'^"^ 

O C^ "^ ^ 



OcMOOOO^incoDooO^incMO 

in '^COlDCOCDCOtD'l-inCM 



^OOooOOtiJ'^OOO'^ 

CM ^ Q ^ ^ ^ 



CM 

c^ 



CM 



in 



(D T- 0) 
^ CM "•- 






o 

0) 



C^ "^ •«- 
CM -r- C^ 



CD t^ -^ Ol 
(D -^ "- Oi 



o 

C3 



in CO CO 

•r- CO CO 



ooooooooooooo 

GOCOOOCOOQCOOOOOCOOOOOOOOO 



'^CMCMCMCMCMCMC^CM''-'^'^'^ 

zoQoozzzzoooa 



■^ 0) in 

c^ ^ ^ 



inOOint**cMOO)Ooi"^coinOinco OOOOOOOOOOOO 

O)0)cooo)a)0o>oo)0^o)0)0)0) (0(p(x>U}(PCD(Dinininin(D 

-*-«^<f-^CMWCMOI'^-»-"^"^CMCMCMCM "»-'»-'^C>IOICMCM'»-'<^'r-'»-cM 

Z Z Z Z Z Z Z Z Q O O O O Q Q a ZZZZZZZQOOOO 



ininininininininininininin inmininininintninininininininin ininininininininininintn 

nCM'r-C0C0CM'«-COCOCM'»-C0C0 CM-'-COCOCM'-COCOCM'^COCOCM'^COCO CMCOCOCM-^COCOCMCMCOCOCM 

0>COCOCMO)COCOCMO)COCOCMO) COCOCMO)COrOCMO)COCOCMO)COCOCMO) C0CMO)C0C0CMO)C0C0CMO)C0 

OOOOGOOOOOOOOOOOOOOOOOOOOO 0)0)(J)0)Cf)0)0)0>0)0)a)0)0)CDO)0) OOOOOOOOOOOO 



oooocooooooococooococooooo 
I I I I I I I I I I I I I 

•"^•^•^"^"^CMCMCMCMCMCMCMCM 
CMCMCMOICMCMCMCMCMCMC^CMCM 



till 



I I i I t I t 



^^^^'*^"^'<t^^'^^^ 



OOCOOOCOOO'DOOOGOOOOOOOOOOOCOOOCO OOGOOOQOOOOOCOCOCOOOCOCO 

I < I I I I i i I t I I I i i I i I t 1 I I I I i I I I 

•»-'»--»-^^*-^^CMC^CMCMCMCMCMCM <X)tDtot^i^r-.|^r-»r^i»*t*-t*- 

^^^^T-*--*-^^^^^*-^^^ CMCMCMCMCMCMCMOICMCMCNCM 

I I I i I I I I I I I I I t I I I I I I I I I I I i i I 

inininininiininininininininininin intninininininininininin 



183 



(0 

a 

O 



m 

0) 

o 

0) 

a 



0) 

3 
C 



C 

o 
u 



T3 

C 
(D 

a 
a 

< 



(0 

L, 
(U 
•H 
0) 
E 
(0 
L. 
(0 

a 



a 

E 



0) 



v > 
L. 
H (0 



</3 






a 
E o 

0) 



a 
o 



0) 
(/> 

a 



"^ CM I^ 
"^ 0) -^ 



^ O O 

CM -r- 



'r-int**^Oti>cMoocM<j)int^^ifieot^ 
cocDoO'sfini^r^'^cMOinOiflOcocM 



OU?"^t)oOOcMcocoOOc*3nOOO 

''-''-CM t^UI''- CM-^ 



'•-cof^cMooc^'«-'^cMc^''-^int^r^cy) 
OinipU3iflO)OOco'^o)int^cMoo'?f 

^v- •^CPtPin-^^OtDOOCMCO CM 

-^ ^ in "- CO "- 



C0"^CJ)CMOOOO'^C^CMC^C»3O'-in 

CDO0)cMn cocpinncoojoocotD 

C3 en 



CM CM 00 O ^ 

c^ t** 0) r^ "'- 

O O) 0) '^ <D 

CM CO CM m (D 



''- CM 0) 00 CM 

oi t^ r>» O c>! 
"^ CD r^ 0) "- 



o 

CM 



CM CM 

n ID 



(D 

en 



CO 
CM 



CO O CO to 
CO CD CO Tf 



0) 
CM 



o 

CM 



CM 

in 



CJ) 

CO 



in 

CO 



"* in 
00 CO 



CM 
CD 



ID 



00 
CM 



(0 0) 00 
CO CM "- 



o 

CD 



CO '^ CD o in 

CO 00 CD C5 -^ 
"•- CM 



00 

CM 



in 

CD 



O-^COCMCO-^O-^CD 
^(XJinCOCDCOOOCOCM 



ooo 

CD CD CD 



oooooooooooooooo 
lnlnln^•r^^»r^t^^•^*^»t^t^f^^*^' 



O0ineoino)0inininocoocj)00 
oooor^t**t^p^t>-i^r^t^r*i^ooh«ooco 



C5) CM CM -^ CM 
O O 00 00 CM 

CO (fi CD r- -^ 



O O OO O 



CM CM CM 
OOO 



CMCMCMCM''--^''-''-CMCMCMCM'r-'r-^-r- 
QQQQZZZZZZZZQQQQ 



^^^^C^f^^^MCM^^^^CMCMCMCM 
ZZZZZZZZOQQOOOOQ 



^ ^ ^ ^ Q 
CM CM CM CM CM 



z z z z z 



ininin inininininininininininininininin inminininininininininininininin ininininin 

T-COCO CM'^C0C0CM'^C0C0CM''-COC0CM'»-COCO CM'^C0C0CM'-C0C0CM'»-C0C0CM'»-C0CO CM-^COCOCM 

COCMO) COCOCMOOfOCOCMOOCOCOCMOOCOCOCMOO COCOCMOOCOCOCMOOCOCOCMOOCOCOCMOO COCOCMOOCO 

^ ^ ^ ^^^P^^^^f^^v-^CM^*^ -^ JN ^^^cM^^^cM-^'-'r-CM'^-'r-'r-cM ^^^cM"" 

OOO ^^^T-'^>»-^-^'^'s-<i-i-''-'»-<r-T- CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM COCOCOCOCO 

000000 OOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOO QOOOOOCOOOOOOOOOQOOOOOOOOOOOOOOO 0000000000 

III I I I I I I I I I I I I I I I I I I I I I I I I I I I I i i i I i i i I I 

t^r^h- CMCMCMCMCMCMCMCMCOCnCOCOCOCOCOCO 000O0000C00000C0O)O)O)O)O)OT<J5g) CMCMCMCMCM 

CM CM CM oooooooooooooooo oooooooooooooooo -r- ^ T- T- -r- 

III I I I i t I I I I I i I I I I I I I I 1 I I I i I i I i i I I i i i I I i 

ininin cdcpcdcdcdcdcdcdcdcocpcdcdcdcdcd cdcocd(X}cdcdcdcdcdcd(dcdcdcdcdcd (pcdcdcdcd 



184 



a 
o 

O) 

'^ 

(0 
0) 

o 

0) 

a 



"0 

C 



C 

o 



"0 

c 

a 
a 

< 



(0 

1. 
0) 

4-* 
0) 

E 
(0 

c 
(0 

a 



a 

E 
to 



'- 0) 

(0 (0 

"H > 

O £- 

I- (0 



a 

E U 
0) 



a 
a 



T3 

a 



(0 

o 



OOOt^'^CNfCMDOO^'-O 

oo"^Tft^r^cD'»-oo^if)0) 

CO 1- 1- 



h-O'^00t^C0"»-OOOt^ 

^C0Oti)OCNC00)C30t^O 



00 CO 

CO CM 



o 

CM 



CO If) CM t^ 

CO in ^ CO 



o 

CM 



CO in 



O-^T-cot^to-^t^r^^O 
OT-r-oouioocMooino-^O 

•^CM -^CMt-CM ^ 'i- 



"^OTin^CMOCMCMI^OCMOOI^Oin 
COCOC)'5tOO(i)-^00)0"^0^'^00 
^Oh-'^'^CN'^CM '«- -^CMCMCM 



(i)"^h-CM'^t^C>CDOC0'^lf)'!tC>l'5t 
'*^O0)'^C0 0Cit-*C0CMC0'^OC0(D 

cooincoooincM-^'»-coco'»-oini^ 

CMCM'^="«-T="r-i-CMCMCM"^CMCM''-"«- 



t^lOCO-^CO'-CDOOCOCDCMOCOin 

coo:>^cMCDO^"^o)"»-in"«-t^"^ 

'-CM-^CMin-^'^CM'^COCMCO 



CM 
O)^ CMO)00 OOOOCOtD 

inco -'-•'-O) -^co^ino 



o 

CP 



o 

CM 



CM CO 

CO in 



CM CD 
CM 0) 



cnoocM-^oocMTtinrtrtrr 

"^C0O)C0h-C0CMin"^''-00CM 

•r- CO T- CO '^r ^ 



coinincMint^inin'^ino)Cj)'^cMh- 

O)inC0CJ)"r-0000CMCO0000'^O)CO00 

oooc3)oO'-coino)'^ino)0'^0)^ 



"^'^Oinr-cD-^OOcor^^cDoocj) 

COCOCOt^"«"CF)CMCOOCi)'-"'-COCDCO 
CO CN CO CM CO CM 



cMoo^Ocor^c3)Oin"^ "I-cm co 
cocMint^oir^cMoO'^cM -^ -r- i- 



'^ t^ 'f- -r- t^ CM 

CM -r- iS> a T- t- 



cpt>'CJ:»CDCJ)'^cocMCi)incoTfoo^t*- 

CiJOt^COt^COCDCMCMOOOCJJ^O 
'^OC0C0'^CNinOC3)OOt^^'^CM "^ 

CMCM-'-T-T-^ T-'T-CN'r-^^^T- 



o 

(JO 








in 
O 

CM 


2 




CM f- CO 


CM CD CD 

-^ in r^ 


in 


0) CM 


X- CO 

in '^ 



ooooooooooo ooooooooooooooo ooooooooooooooo 



OOOOOOO0)CJ)0)0) 
CMCMCMCMCMCMCM^'T-v-'r- 



CMCMCM'T-^^^CMCMCMCM 
ZZ2QQQQQQQQ 



ininininininininininin 



CO-r-cOCM-^COCOCM-r-cOCO 



OOCOCMCOCOCMOOCOCOCMOO 



cocococo-^-r-'T-^OOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



2ZZZ22Z2QQQQQQQ 



Lninininininininininininininin 

CM-^COCOCM-r-cOCOCM-^COCOCMCOCO 
COCOCMOOCOCOCMOOCOCOCMOOCOCMOO 



Ot^t^r^h.OOOcn(3)CJ5CJ)oooooo 

CM-r-T-^^CMCMCM^^^'^'^T-T- 



CM'r-«r-^^CMCMCM-«--r-T-<i-CMCMCM 
ZZZZZZZZQOQOQOQ 



ininininininintnintnininLninin 

COCM-^COCOCM-^COCM-^COCOCM^CO 
CMCOCOCMCOCOrOCOCOCOCMOOCOCOCM 



cococococococococococo ^^^^^"^rtTj-^TtTt-^TtTtrj- ininininininininintnininininin 

COCOOOGOOOOOOOOOCOOOCO OOCOCOOOCOCOOOCOOOGOOOCOCOOOOO COCOOOOOCOOOCOCSOOOOGOCOOOOOOO 

i I i I i I I I I I i I I I I I I i I I I I i I I I I I I I i i I I I I I I I I I 

CMCOCOCOCOCOCOCOCOCOCO ininininCDCDCDCOCDCOCDCDCDCDCD 00(})CnO)O)(7)CDO)CDO)O)O)(7)(7)<7) 

I i I i i < I t I I t I I I i I I i I I I I i I i I I I I I I i I t I I 

CDCDCDCDCDCDCDCDCDCDCD CDCDCDCDCDCDCDCDCDCDCDCDCDCDCD CDCDCDCDCDCDCDCOCOCDCDCDCDCDCD 



185 



(0 

a 

3 
O 

L. 

0) 

(0 
0) 

o 
a 

CO 



Q) 

3 

C 



C 

o 
u 



V 

c 

a 
a 

< 



0) 

£. 
0) 

■H 

0) 

E 

a 



a 

E 

I/) 



CD 



(Q (Q 

■H > 

O L. 

h- (0 



a 
I/) 



t/5 

z 



t/7 



Q 



a 
£ o 

0) 



"-o-^inwcocMt^csiDOcotoinoocM 

'^Ot^'^OOO'^I^'^CMCDCOOOlPOi 
CMCMCMCOr^OOOOCOCOr-OO'^CMCMCM 
^ C^ CO "T- 



inr300)r*-OcDOooO'^ooO'^in(x» 
coc^t^o)iny)ino)0)rrincM t^'--^ 

"T" CM CM CO •«- T- "^ 



0)0)rr'^ir)OC5CMooootnin'^cM'^ 



O CM CD (i3 "^ CO CO 

0) O ^ 0) CO t^ -^ 

-^ 0) CO CO r- 0) C3) 

"- '^ «^ CO Ol CO tp 



C0C0OC00)CP"^OCM0)"^OOOCM'^ COQlOO)'^'- 

•^co o^cDCOin^'^rcoinootOd)'^"'- O'^coc0"«-h- 

^ ^ ^ ^ ^ ^ ^ s-^CM r^'^CMTfCMO) 

'i- CM '^ '- '- CO 



CM '^ '- '- CO "" 



O CM CM 


O ^ O 


'^f 


t^ 


00 


CP CM 


h* 


H- 


CM "^ O 


m 


CM in V- CO 


to 0) '^ 


CO -»- OJ 


"»- 


m 


-^ 


tp ^ 


''t 


CM 


CO CM CM 


«»- 


CM CP CO "»- 



o 



CM 



(D CO 
CM CO 



CO -^ 
CM CM 



CM 



o 

CO 



o! in 
in "- 






0) O'^f'-O'tin'^cMxt^ 
in •r-oococoO'^ooooco''- 

•r- C^ •»- CM "^ 



00 

CO 



t^ in CD 
in -^ rr 



CO 



00 00 

CM ^ 



CO -'- 
CO CM 



0)CP(Pt^COOOOOt^OOtPOCMO) 
0)OCOCMC3)CMCDCO"^CO^"r-0) 



"»- 0) ^ CO ■»- "^ ^=» 

00 in o -^ "^ I** c^ 

CP CO -^ ^ CM O) t^ 

1- CM ••- ^ "^ CO "f- 



OOOOOOOOOOOOOOOO 
oooocoflor^t^t^t^inininincpcpcptp 



T--^'»-'T-CMCMCMCM"^'«-"^i-CMCMCMCM 
ZZZZZZZZOOQOOOOQ 



inininininininininininLninininin 

CM-^COCOCM-r-cOCOCM^COCOCM-^COCO 



O O O O O O O O O O O O O O O O O O O O in in in 



00000000000000000)0)0)0)0000 

''-'»-'»-'r-^^^^^-T-<*-'r-CMCMCMCM 



^▼-^-i-CMCMCMCM'»-'^"*-"^CMCMCMCM 
ZZZZZZZZOOQOOOQQ 



O O O O 00 00 CO 
CM CM CM CM ^ -r- '- 



CM C^ CM CM -r- "T- ^ 

O Q Q O Z Z Z 



inininininininininininininininin ininininLninin 

CM'»-C0COC0CM"^COCM-*-C0C0CM''-COC0 CM'^COCOCM-'-n 



COCOCMOOCOCOCMOOCOCOCMOOCOCOCMOO COCOCMOOCMCOCOOOCOCOCMCOCOCOCMOO COCOCMOOCOCOCM 



-^•^-"CM-^-'-^CM'^-'-'^CM'^-^'^CM 

(P(P(P<P(P(P(P<P(P(P(P'(P(P(P(P(P 



^v-i-'eM'^'»-'^CM'^'«^'r>cM'^'^-^CM 



"s- ••- ^ CM -^ -»- •»" 
00 00 00 00 00 00 00 



OOOOOOCOOOOOOOOOOOOOOOQOQOOOOOOO 

I I I i I I i I I r I I I I t I 

CMCMCMCMCOCOCOCOCOCOCOCOCOCOCOCO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
i I i I I I I i I I I i I I I i 
CPCP(P(P(P(PCD(PCPCO(P(P(P(P(PCD 



OOOOOOOOQOOOOOOOOOQOOOOOOOOOOOOO 

I I i I I I I I I I I I I i I i 
^^^^'^ininininininininininin 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I I I I I I I i t ( I I i I I I 
CP(P<PCP(PCPCP(P(PCPCP(P(P(P(P<P 



00 00 00 00 00 00 00 

I I I i I I I 

oo o o o o 

CO CO CO CO CO CO CO 

1 i I i I I I 
(p (p (p (p (P (P (P 



186 



(0 (0 

■H > 

O £. 

H- (0 



m 

CL 
D 
O 
L. 



o 
a 



T3 
0) 

C 



C 

o 



T3 

C 
0) 

a 
a 

< 



m 

E 
(0 

L 
(0 

o. 



a 

E 
(0 
07 



a 

E o 
Q) 



a 

Q 



CD 

&. 
CD 
t/) 

"D 

a 



incMtp-r-incooooco 

•^ ^ "^ CN 



CMOOCMOr^COOOiU) 

co-r-Or^coinoor- 

CM ^ -r- ^ 



cMin-^cocMincM'^rOLnco-^cotDCMCM 



CMOCO"^0(X)OOh-inO)0)CM'«:fOO)fO 

^oooi"r-o)incMcnc>jrocDCMtO'^(DO 
n ^nc»5r3CNiiD cmojcm cm 



CMCOinCOt^CMOO-^OOO^OCMCOOO 
r^<Dt*-00)'^in'^CMt^"^OOC3CO"r-CM 

t^cotooocoOO'^ncoino cmcm-^ 
in -^ O) T- 



ininoioincMooOtDcoocoocMOO 

0OCMr^CO'^'r-(p ^CN h- 05 o 

-^ in CO -r- ^ 



en o 

CJ CD 



00 CD 
t^ (D 



00 



in 


O 


CD 


O CD 


00 


'tr 


CO 


"d- ^ 




T- 




in 



t^ O "^ CO in t^ 

CO in CM CD "T- f- 



O 00 
CM CM 



o 



O CO 
CM CM 



"^ 
•^ 



CM 
CM 



ooocDcMinooOincD 
CJ)i*^'«t<5)ininoOt*- 

CM00COinO)'^t»»"^CM 

CM "- 



OOinoO^OCDCMh-inmCOCMrtOCMCO 

cM(5)cM-»-inino)cocM<j)CMc>icD^ino 

CM COCOCMCOCM(J) CMCMCM CM 



00 in 0) 


in CM T- 


CD CD 


in 


CM 


O 


•^ i>- '^ 


-.- 1- in 


"^ CM 


in 


CO 


CO 


rr CO c>i 













inOCDOOOOOO oooooooooooooooo 
ooooooooooinininin CDCDCDCDininininr^t^r^t^inininin 



Or*-int^oot^int^incMcocoocMcoo 



■^CMCMCMCM'^T-f-f- CMCMCMCM'»--^'-''-CM<NCNCM"^'^'r-'^ 

ZZZZZQQQQ QQQQZZZZZZZZQQQQ 

ininininininininin inininininininintntnininintninin 

COCM^COCOCM-r-COCO CM"»-C0COCM"»-COCOCMi'-C0C0CM'»-COC0 

OOCOCOCMOOCOCOCMCO COCOCMOOCOCOOIOOCOCOCMCOCOCOOIOO 



^COCOCOCOCOCOCOCOCOCOCOCOCOCMCO 
CMOICMCMCNCMCNCMCMCMCMCNCMCMCMCM 

T-^^^CMCMCMCN'-'T-'r-^CMCMCMCM 

zzzzzzzzaooaQQoo 



intninininininininininininininin 

CM"»-C0C0CM'r-C0COCM'^C0C0CM*-COC0 
COCOCMOOCOCOCMOOCOCOCMOOCOCOCMOO 



CM'-'^-^CM'^'^'r-OI T-^^Olf-'-'^OI'r.^-T-CM'r-'r-^CM T-'.-T-CM'^'^"^CM'r-^^CM'«~'r-'r-CM 

cooooooooooocooooo (3)CJ)CJ)<j)Cj)0)CJ)(ncj)<no)CF)0)<j)(3)0) OOOOOOOOOOOOOOOO 

^^^^^^^^^ ^^^^^^^^^,. ^^^^^^ OICMCMOICMCMCMCMCMCMOICMCMCMCMCM 

OOOOOOOOOOCOOOOOOO OOOOQOCOOOOOOOOOOOCOOOOOOQOOOOOO OOOOOOOOOOGOOOCOOOOOOOOOQOOOOOOO 

i i I I I I I I I i i I I I I I i i I I I i I i i I I I t I i I i I I i I I I i I 

O-f-^^^^^^^ CMCMCMCMCMCMCMCMCOCOCOCOCOCOCOD COCOCOCOCOCOCOCOrT'^t'^TrrrrrTrTt 

I 1 I i i I I I I i i I I i i I I I I I I I I I I I I I I i I I I I I i I I I I I 



187 



CO 

a 

D 
O 
i, 
Ui 
^^ 
(fl 
0) 

o 

0) 

a 

CO 



0) 

c 



c 
o 
o 



T3 

c 

0) 

a 
a 

< 



^ (D 

-H > 

O £» 

H (0 



a 

E O 



CO 

JL 
(D 

0) 

E 

a 



a 

E 
(0 
to 






(3)0000000000000100(0 (X)CO'^OcSh-OOOCPCOOCMin(3)(3) 
CM lOCOO "^-^CM CMC0C3) '»-(J)CM '^CMCOIDI^'^^ 

•^ -r- •»- CM "^ ^ 



tsocooooooo^- 

CO "^ CO ^ CO '^ 



CM 



CO 00 -^ 

CM eo 05 



CM 

CO 



0) 
CM 



o 

CM 



O 
CM 



CO 



-»» o 
P3 ""sr 



tp O O 

CO CO CO 



CM 00 "^ 

rt ^ f~ 



CM t^ 00 
-- CJ) CM 



CM 



IP yj <^ CM If) 0) CM 
rr 0) O CM r^ ■»- -^ 

••-■«- CM ^ -^ 



CM 
(£> 



CO 

(J) 



CO 
CO 



CO 



O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
(3)0)<3)(3)tOU>(P(D(3)0)0)<J)'^"*-'^'^ (PCX)lOCD'«t^'<t^OOOO0000C0 

ir-^.«->ir> ▼-•r-^--^ t-t-t-t-v-^p-t-i-CMCMC^CM^-"'"^" 



ooooooooo 
inininincococococp 



^^^^f^CMCMCMCMCMCMCM'»-'»-«.--»- T-«i--»-<r-cMCMCMeMCMCMCMCM'»"'^"^ 
Z Z Z Z Q Q Q Q Z Z Z Z Q Q Q Q Z Z Z Z Q Q Q Q Z Z Z Z Q Q Q 



'r-'r-f--f-CNCMCMCMCM 

ZZZZQQOOZ 



ininininiOLnLDinioininiDtoiDtnin ininininininininintnioioinintn iDintntninininiDtD 

CM-'-COCOCM'^COCOCM'^COCOCM'^COCO CM'-COCOCM-'-COCOCM-'-COCOCMCOCO 



CM"^COCOCM^-COCOCM 



COCOCMCOCOCOCMCOCOCOCMCOCOCOCMOO COCOCMCOC^COCMOOCOCOCMOOCOCMCO COCOCMOOCOCOCMflOCO 

^^^C^^^^e<^^^CM--^CM ^^^cM-'--CM---CM^-CM ^^^cM-t-^cM- 

^^^^^^^^^^^^^^T-»-»- CMCMCMCMCNCMCMCMCMCMCMCMCMCMCM COCOCOCOCOCOCOCOCO 

CMCMCMCMCMCMOICMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCM 

OOOOOOQOOOCOOOOOCOOOOOQOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOCOOOOOOOOOOOQOOO 

I I I I I I I I I I I I I I I i I I I i I I I I I I I I I I I i i I i I I i I I 

U>tDtDlD(X)(PC0(Pt^h't^l^^*t*-^*t** OOOOOOOO^'^"^'^'^"^'" CMCMCMCMCMCMCMCMCO 

iJf^^^^^^^UUU^^^'r.^ CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCM 

i I I I I I I I I I I I I I I I I I I I i I I i I i I I t i I I I i I I t 1 I i 



188 



to 
a 

D 
O 
L. 
O) 

(0 
(D 

O 
0) 

a 



T3 
0) 

C 



C 

o 



c 
(1) 
a 
a 

< 



m 

!L 
0) 

HM 
0) 

E 
CO 

(0 

a 



a 

E 
(Q 
to 



(0 
CJ) 
C3) 
UJ 



— <D 

CO (0 

■H > 

O i. 

K flJ 



a 

£ O 



T3 

a 

s 



in to r- 00 t^ ^ 

CO O "^ ^ CM "T- 

00 00 0) to "^ r*. 



CM O CO o O t^ 

r- to -^ 



CO 

to 



oo oo oo 

to to to 00 00 00 



CM CM CM -r- «.- ^ 
Z Z Z O Q O 



CMOOOCO^-r-CMt^CMOCOOOint^CMtO 
r*-OCMCOh'0)OO^CM'»-CMin'^"»-0)tO 
^ -r- t^lDCOCMCO'^CM'stDt^tO't 

^ -.- CM 



OtOOCO^tOOCDO'^h-tOCMOOO) 

(O cocMin tocoto-^-^-^co -^ 



CO 
CO 



00 
CM 



o 

CM 



00 
CM 



to 
to 



C7)0'^^*tocMlf) 0) 

tOCO^-r-^-"-"'- rt 



oooooooooooooooo 
ooooooooto(0(ototototo(Oh>t*«r^t^ 



-r-T-^^CMcMCMCM'«-'^"»-"^CMCMCMCM 
ZZZZZZZZQQQQQQQQ 



intniniointn intnininioininininininininininin 

•^COCOCMCOCO CM'r-cOCOCM-^COCOCM-'-COCOCM'r-cOCO 

COCMOOCOCMOO COCOCMCOCOCnCMCOCOCOCMCOCOCOCMOO 

•»- -r- CM ^ "^ CM -- ^ ^ CM "^ -^ 1- CM "^ ••-••- CM '»-''- -r- CM 



CO CO CO CO CO CO 
CM CM CM CM CM CM 



00 00 00 00 CO 00 

1 I I I I t 

CO CO CO CO CO CO 

C^ Ol Ol CM CM CM 

I i I i I i 

t^ t^ h* h. h- h- 



CMCMCMOICMCMCMCMCMCMCMCMOJOICMCM 



QOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
i I i I i I I i I I I I I i I i 

t^t^t^hoOOOOOOOOOOOOOOOOOOGOOOflO 
CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCM 
i I I I I I I t I I I I i I I I 



OOO'^cjDooooirJinco'^-r-coO'^ 
ID c^to-^co noocMcocooo "^ 

•^ C^ OJ ^ ■»- CO 



'^OO'^ootootDOcooinoooo 
00 cor^cococM cm o 



00 



00 to O to CO 

t^ O CO CM CM 



CM 



CO 

to 



o o 



o ^ 
c^ to 



CM -^ 

O "* 

CM to 



oooooooooooooooo OO 

•r- 'r- ^ T- o O O O O O O O O O O d coco 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCM 

•'-'•-'^'^CMCMCMCMCMCMCMCMt-t-x-^ ^^ 

Z Z Z Z O Q O O Z Z Z z o o o o zz 

tniniDtntniDtntntnintninintniDir) tnio 

CM'^COCOCM-r-COCOCM-'-COrOCM'i^COCO CM"^ 

COCOCMOOCOCOCMOOCOCOCMCOCOCOCMOO COCO 

"^T-^CM-'-'^^-CM'r-^^CM'^T-f-CM -r- T- 



loiDinintnintnininiointDinminir) toto 

CMCMCMCMCMOICMOICMCMCMCMCMCMCMCM C^OJ 



COOOCOOOOOQOOOOOOOOOOOOOOOOOOOOO 0000 

i 1 I I i I I I I I I I ! i I I i 1 

OOOOOOOO"^"^-'-"^''^'^'^'^ CMCM 

cocococococococococococococococo oo 

I I i I i I i i I I I I I I i i II 

^«•^*^*^*^*t^r*•^■^«'^•^*^*^»^*^«•^* cooo 



189 



a 

D 
O 

m 
0) 

o 

a 



•0 
0) 

3 
C 



C 

o 



c 

0) 

a 
a 

< 



(n 
O 

(D 

E 
(0 

(0 

a 



a 

E 



^ Q) 

(Q (0 

•H > 

O L. 

h- (0 



a 
E o 



O -^ O O CO CD O^OOCMOOOO 

t^ CM (C CM ^ "^ 



CMCO'^CN'*-C0r^O)C»3tOCD'^inO) 
t^^CJ"^'»-'^lDCMlD^'^"«- CM 



cM^coOoocMooeoa)t^eocM'"t^oo 

CMOTCM (P inC0O0)t^lf)tDt^CM00 



OOOoO'^OnoO'^cM 
m o 0) CO ^ 



^__„_. ^ ODCOCn-r-COOlfiOlCMO)^ 



OOincMC00)t^oOcMinOiX)CM0)O 

^'!r'^'"'^'^'»-'CM'^"^ "<tC0C»3 CO 



-^J-LOt-t-^^CM'^''" 



(0 

C0 



CO 
0) 



C»3 
03 



O 00 
CM •»- 



in 00 0) 



CMtO-r-cM'^OOCMOCOCOtD^tnO) 
CM'^O)00<l)COTfO)inCOCM'^t^^ 

t^^cM'^'^'»-mcMin^'^'^ CM 



c>j r^ O "^ 
^ m n CM 



inCMCM"r.0)'^'^WOCM00tCC0CMinO 
O'^inC0C00)t^000)CMC3OC3t^''-CM 

rf CO "^ 'T' -r- y~ T' y ^CMCM f 



0) r^ 
'^ o 



O in 00 

CM CM "«^ 



COCOCDOJOinOtDCOCO'^ 
CnCMCP'^tDr^CJCMCMO)CM 
CO -^ 'T- y CM ■*- -r- 



O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O r*. CO "^ in 00 in O) O O 0) 



COCOCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMOICMCMCMCMCMCMCMCMCMCMCM 



••-T-CMCMCMCM''-"r--r--^CMCMCMCM 
ZZZZZZOOOQOOOO 



COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



".-'^f-'f-CMCNCMCM-^'^'^'^CMCMCMCM 
ZZZZZZZZOOOGOOQO 



lO'^^inin'^'^^Tt'^co 

CMCMCMCMCMCMOICMCMCMCM 



^-r-T-^CMCMC^CM"^'^"^ 

zzzzzzzzooo 



inininininininininininininin inininininininininininininininin inmininininminininin 

C0COCM'r-C0C3CM'»-C0C0CM'«-C0C0 CM''-C0C0CM-»-C0C0CM"^COC0CM'^C0C0 CM-»-COCOCM'*-COC*)CM'^CO 
CMO)nCOCMO)C0C0CMCnC0C0C^O) C0COCMCnCOCOCMCf)COC0CMO)C0C0CMO) COCOCMCOCOCOCMOOCOCOCM 



(P(0COCDC0(0(0(O(OCX)<0(X)U)(D 
CMCMCMCMOJCMCMCMCMCMCMCMCMCM 



t<..fN.r^^..^..t<-<•^<•^^^»^^^^^o^^^^^^f*> oocooooooooooooooocooo 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCM 



oooooooooooooooooooooooooooo 
i I I I I I I I I I I i I I 

CMCMCOCOCOOCOCOCOCOCOCOCOCO 

oooooooooooooo 

i I I I I i I I I I i I i I 

oooooooooooooooooooooooooooo 



00000000000000000000000000000000 

I I I i I I I I I I I I I i I I 
t^t^t^r*>oooooooooooooooooooooooo 

oooooooooooooooo 

i I I i I I I I I I I I I I I I 

OOOOOOOOQOOOOOOOOOOOOOOOOOQOOOOO 



0000000000000000000000 

I i t I I I i I I t i 

oooooooo-^-^-^ 



I I I I 



I I 



cooooooooooooooooooooo 



190 



MISSING 
PAGE 



MISSING 
PAGE 



(0 

a 
o 



o 
a 

00 



T3 

C 



c 



o 



c 

0) 

a 
a 

< 



0) 

t. 

0) 
•H 
0) 
E 
(Q 
L. 
(0 

a 



E 
(0 



(0 

itJ 



-H > 
O £- 



a 

E O 
0) 



a 
o 



Z 



•0 

a 



oo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o oooooo 



CM CM o o o CO «) o o CM o o '^ o o o o o o o o o o o CD iD o o o o o o o co oooooo 

CMrt CMCM"^CM ■r--*-'^ ▼- 



CM CM CO CD CM "^ 

CM ^ CM CM "»- CM 



Q a 
in ID 

CO CO 



CD in o 

f- -I- ^ 



oo cM'stCD^cocMcocot^Ttf-TTtDininin inooooooooooooooo 

CO CO 
CM CM 



CMCMCMCMCMOicMCMCOCocococococor) i**t^t>-t^r^t**t^t«*i^t**t^t*-t^t^r^t^ 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM ^^^^^^^^^^^^^^^^ 



O CD O 0) t** O 

in rr in rf Tt in 



"^'^'^'^CMCMCMCM'^'«--«^-r-cMCMCMCM CMCMCMCM'r-^^^cMCMCMCM^-^-r-^ 
ZZZZZZZZQQQQQQQQ QQQQZZZZZZZZQQQQ 



-r- T- T- <r- CM <N 

Z Z ZZ z z 



in in in in in in 



CM -^ CO CO CM -^ 



tnininininininininininininininin ininininininininininininininintn 

CMt-COCOCM'^COCOCM't-COCOCM'^COCO CM"»-COCOCM'*-COCOCM'»-COCOCM'»-COa) 
C0C0CMCJ)C0COCMO)C0C0CMO)COC0CMO) C0COCMCJ)C0COCM0)C0COCMO)COC0CMO) COCOCMOTCOCO 



COCO rr^rt^^Tt'^fTtTr^Tt^Tt^^Tj- inininininininininininininininin cdcdcdcdcdcd 

coco cococococoococococococococococo rjcococococococococococococococo cocococococo 

OOCO OOOOCOOOOOOOOOOOOOCOCOOOCOOOOOCO OOOOCOOOOOCOOOOOOOOOOOOOOOCOCOGO oooooooocooo 

II t I I I I I i I I i I I t I t I ( I i I I I I I I I I I I I I I ( i I I I I 

i^t*. ^Tftt^TT^'i-Trinininintnininin O)0)cncno)0)cn<j)00000000 cmcmcmcmcmcm 

f^CM ^^^^^^^^^^^^^^^^ CMCMCMCMCMCMCMCMCOCOCOCOCOCOCOCO t-^^^t-^ 

II I t t i t i I I i I I I I i i I I I I i I I I I I I i I I I I I I i I i i I 

COCO (3)0)CDO)0)a)a)0)o>o)0)(no)a)0)(7) (7)a)0)0)(7)(7)c})c?>c3)a)0)0)0)a)0)a) oooooo 



193 



a 

D 
O 

L. 

CO 

o 

0) 

a 
to 



3 
C 



C 

o 



■o 

c 

(D 

a 
a 

< 



(0 

L. 
0) 

0) 

E 
(0 

a 



a 

E 



(Q (0 

•H > 

O L. 

K (0 



a 

E O 
0) 



•4-» 

a 

o 

z 



oooooooooo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 



oooooooooo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 



OOt^^inmtococoin 


loininininiDininoooooooo 


OcMinioinoiDoocMt^OOT-'-oo^ 


ininrt'«t^Tr'*^'^'^ 


OOOOOOOO'^'^'^'^OICMCMCM 


-r-OOO^OOO^O^O-;;©^ 



ZZaOOOQOOO Z Z Z Z Q O O Q z z z z o o o o 
inininiDinminintnin tnLninininintntDinintninintninin 

CMO)C0C0CJO)C0WC>IO) C0C0WO)TO«CMO)COC0CMO)nC0CMO) 



T-'r-i->f-cSCMCMCM'»--^"^^-OlCMOJ 
ZZZZZZZZQQQQQQQ 



ininintniDinininininininininio 

CS-'-COCOCM'r-COCOCM-r-COOCN'-CO 
COCOCMflOCOCOCMOOCOWOIOOTOCOCM 



u)(P(D(X)U>(0<p(P(0^ t**'t^h«'t*'t^r*r«»t^r*»t*'r*t*»t^f*r*t^ oooooooooooooooooooooooooocooo 

OOQOOOOOOOOOOOGOOOOO OOOOOOOOOOOOOOOOCOOOOOGOCOOOOQOO OOOOGOCOOOOOOOOOOOOOOOOOOOGOOO 

Ti iTTTTi II I I I I I I I I I 1 I I I I I I ' 111 1 ' ' ' ' ' A A AA A 

CMCJCOC0C5COC0COC0C0 CMC>ICMCSC<CICMCMCOC0COCnC0Cr)CnC0 0)0)CDroO)g)CD050000000 

^^^^^^^^^^ OiCSMCMCMOICMCMOiCMCMCMOICMCMCM OOOOOOOO'^'^"*-'^"^"^'^ 

I I I I I I I i I I I I I I i I I I I I I I I I I I I I I I I I I I I 

oooooooooo O O O O O O O O O O O O O O O O ^ ^ ^ ^ T- ^ ^ ^ «.- f- ^ -»- -f- -^ ■»- 



194 



a 
o 



O 
CD 

a 



c 
o 
u 



c 

0) 

a 
a 

< 



0) 
0) 

s 

(0 
(0 

a 



a 
s 

(0 



r- 0) 

(0 (Q 

•H > 

O L. 

H (0 



a 
e a 



T3 

a 



000000)0000000000 ooooooooooooooo oooooooo 



oooooooooooooooo ooooooooooooooo oooooooo 



OOinintntnintninininininOLnr^ 
O)0)cooooooooocooooooooor^oot^t^ 



CMCMCMOI'T-'r-^^CJCNCMCM'^T-T-^ 
QOQQZZZZZZZZOQOQ 



Oino)ooconc»5ncMwcNCMoocooo 



r-T-f-^r-cMOtCMCMCMCMCMCM-r-T-T- 
ZZZZQOQQZZZZQOO 



OOOOOOOO 
000000O)h»^-t**t*' 



CMCMCMCM^-r-T-T- 

zzzzoooo 



tntninininLOtntoinioinioininiDiD iLnintninintninintninininininix) LninininininiDin 



CM'^COCOCM'^COCOCM-'-COCOCMt-COCO 



ir^-r-nncM^cococM-r-cocncjcocj cm-^wcocs-^coco 



CO c*5Woio)ococMO)nDCMO)concMCD (nocMcocococaoocowc^ooncMoo cocooiojcorjcMO) 



00 CDa)0)o>a)cno)0)0)0)0)0)0)0)0)0) 
CO ncocococoonocococooncowc') 



00 OOOOOOOOOOOOQOCOOOQOOOOOOOOOOOOO 

I I i I I I i I I i I i I I I i i 

•r- CNCMCMOICMCMCMCMOICMCNCMCMOIOJCM 

I I I I r I I I I I i I I I I I I 



OOOOOOOOOOOOOOO 



mooooooooooooooooooooooooflooo 
I I I I i I i I I I I I I i I 
|^h>t^t^QO0O000O0O0OGO0O€O0O0O 
OOOOOOOOOOOOOOO 
I I i I i I t i t I I I I I I 
tNCMOICMOIOICMCMCMCMCMCMCMCMCM 



^r^Tf^-^t^^^ 



OOOOOOOOOOOOOOOO 

I I i I i I I i 
iDLDiotniotniPin 

i I i I ( I I i 

CMCMCMCMOIdCNCM 



195 



(0 

a 

3 
O 
{. 
0) 

(0 
(D 

O 

a 



in 

UJ 



^ (D 

(6 (0 

■H > 

O t. 

H (0 



a 

E U 
0) 



T3 

3 
C 



c 
o 
a 



T3 

c 

a 
a 

< 



E 
(0 

c 

(0 

a 



(0 



a 

Q 



oooooooo 



oooooooo 



inintninoOOO 



QOQOZZZZ 



inioiniDinininifl 

CM-'-COCOd'^COCO 

cococMOjwnoio) 



OOOOGOOOOOOOQOOO 
I i I i I I I I 

tniDininmintntn 



(0 




o 


1 1 1 1 1 1 1 1 




CMddCICMCMCMCS 



196 



C C C CM 






(0 - (fl "^ 




0) -H' •"- ^ (0 




- 0) L, -H QZ 3 0) 




r r- O (0 C -J r- 




a •'- C3) 1} 






- E »- T3 C (0 




tn 


s fli .... a c - K 




0) 


W Ml E (0 — 




CD 


<D c 0) (0 a 




LU 


^r-OCWQE-H 






(0 (0 -r-^- _| (0 






-J D-H— M-^^W C- 




^ (1) 


c (0 a o Q) 




(Q (0 


C C - £ - ' M- 




•H > 


C- <0 3 (O^^-H-H (1) 




c 


0) o en E x: r a 




H (0 


+- (D r- w 0) 0) 






w r (0 »j- -^ — 






«j -H u i: c c • 




X 


<D +- T3 T3 




X 


rojcca-i-o) 






vC-OQ)Ea)-M 




UJ 


3 .- ..- "0 r 




X 


t. "OMJ "H 0) 






OT 3 OJ' flJ -H — 




o 


•0 mi c •• - 




X 


3 0)^^ £- 






V T3 - r w 




s 


C -H' 03 4^ 3 




X 


<0-Oi(Da"D>W 






»- 1. C 13 CD (0 (0 






Q. 0) T3^"D 3 




o 


a oji t. w CM 




3 


J^ - 0) Z iL 0) 






0) ajz-Hwo) — 




Q^ 


- E -M a r a 




CQ 


a a (0 J- Q --HE 


tn 




E Ifli 3 J^ (Q 


a 


-1 


• (0 1 M- W W 


3 


o 


o w tn • 3>^ 







E '• <U T3 Z 0) 


£. 


(/) 


Q 0) oji ^ or 


0) 


Ul 


SI'- JZ C -H 


\ 




Q) "H 13! •»-» d) 4^ T3 


tn 


(/) 


r o 3 t. c c 


Q) 


z 


+'M-CO(1)C(0<D 






Ql W «♦- -C 





CL 


•H \ Q 3 


(D 


o 


(0 J- ^^ j: £- c o 


a 




0) en ■»-• w L. 


I/) 


(/) 


T3 13 w c t. ^ 0) 




s 


0) E CM -+- 






C 3 <• C M- Q 0) (0 




t/) 


-r- C QJ W W r- 5 




t/) 


to ^ O 3 






£. <D aV) -T3 0) 




t3L 


^-^ > E "^ • C 0) Js^ 




X 


c-^(azo)or(o 






Q) -M OJ 1- O -M • 






3 u- c en c w 




Q 


(DO'-- -^ 0) 




-D 


(0 Q) m 0) 0) .- 






>w+JO(D+i*a)«*-v 






£. C C C W •- - 




CL 


(0 o 03 (U cv in 




H 


- O E t. ► 3 ^ C 






0) (U C (0 - U 0) 




CL 


T3--r-«4-OT3flIw"0 




> 


C ^ Q. 0) - E 






(Q-DQ. l--H^La)0 






3 (0 -»- £- £- 




z 


tn-'-(nj-CQC3(i) 




t/) 


0) t- 0)^^ +* N 






0) 0) ^> M- •- T3 (0 






0) a CM tn - c L. (D 




Q. 


>— ' CO 0) C 0) "H 




(/? 


r i: T3 3 > a «j 






W -H « • (0 Q) E 






-CWOJOTJDQ)-^ 






«4_ OJ -^ C -H X3 




-J 


E -^ UL OJ C 




< 


L. w L. ^ 4J C •• -^ 






oj (u CO - a 






M-T3(n<I)w4-»T3EW 






a to jc c Q) 0) 






--< 2 T3 - 0» 0) H- - 




Q. 


c . x: •,- +j t. 




E U 


E <a <u -H c X -M 






•• T3 -M 3 T3 0) • C 




H 


OOCflJO— WO) 






Ot-flJ-WEW — 
O fli "H C» (D <0 JJ^ 




,~ 




o 


T- w /^^,- > C 






\ w >cM "^ a t- (0 




4J 


. CU^^cOwZ E (Dr- 


to 


a 


OTJ^ia ^.^(04^00 


t- 


o 


c w (u - tn c 


0) 




w t. r •• - • 


4-* 


t/> 


.. O -H^-^ - C 


0) 


\ 


tnt.^'M-t..--Ht.o 


g 


z 


(D(D(fl O0r(O-^ 


(0 




-4-a)M.c— 0)'-+- 


L. 


4-» 


4-a)-^o •o-^3co 


(0 


£. 


-^ E £- ^w C DJ C 


a 


o 


tn (0 0) c '** (DO) 






CLtOOw^O)£.-r. 


(D 


£. 


(Deow— Qcctn 




(U 


Q a -H - -^ 0) 


a 


t/) 


t. flj 0) ^ -0 


E 




<D « O -M • 4- 


(Q 


"0 


•'-(/iO«>t-«jtn 


0^ 


a 


CO a »■- t. (0 © 




s 


E mn V - 






X (0 • •• 0) > © 






•^ooE^^Ht-flJEtU 






T5 tOCDOO-Ot-a 




0) 


C • L. 4-* (0 M- to 




4-» 


0) CM 0) (0 0) 0) M- 




(0 


aoo O £. 0) C £. u 




o 


ao) c 0)v iz o (D 






< "^ Q.^*' (0 4-' — a«*- 







oooooooooooooooo 



OCOh-OJCMOCOOOOtDCMt^COCOCM O 

-r-coco'^t^d) in ^iD'T-coinoo rf 

-^ CM "T- CM 



oooooooooooooooo OOOOOOOOOOOOOOOO 



^t^t^t^Ot^^cooOininootJscMiDco 

O000'^0'^0)<3>0)00>0)0)00) 



^^^T-CMCMCM''--r-T-^-CMCMCMOICM 
ZZZZZZZQQQQQQQQZ 



intDiDinininininininioiniDinintn 

CMCO-r-cOCOCO'^COCMCO-'-CO-^COCMCM 
COCMC0O)CMO)C»)CMC0(3>COO)C0CMC0CO 



oooooooooooooooo in 

COCOCOCOCOCOCOCOCOCOCOCO'^Tfrt^ CM 



'^'-"^'^CMCMCMCM'^'r-^T-CMCMCMCM -r- 
Z Z Z Z Z Z Z Z Q O O Q Q O O Q Z 



tnintnininininininintnintnininin in 

CO'T-cOCMCMCO-r-COCOCMCO-r-cMCO'^CO CM 
0)COCMCOCOO)COCMCMCOO)COCOCMCOO) CO 



^^^^^^^^^^^^^^^^ CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMOI CO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMOICM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CM 

COeOOOOOOOCOCOOOOOCOOOCOGOCOOOCO OOOOOOOOflOOOGOOOOOOOOOGOQOOOOOOO 00 

i I I I I I I i I I I i I I I I I I i I I I I I I i I i i I i I I 

CMCMCMCMCOCOCOCOCOCOCOCOCOCOCOCO QOOO'^'^'^'^'^'^'^'^-^"^''-'^ 00 

i-^-r.^'r-^-r-.r-^^-^^^^^^ CMCMCMCMCMCMCMC^CMCMCMCMOICMCMCM O 

I I I I I I i I I i i I I I r I I I I i I I I i I I i i I t i I I 



197 



(0 

a 



s. 
'^ 

U) 


o 
a 



•o 

Q) 

D 
C 



C 

o 



c 

Q) 

a 
a 

< 



L. 
0) 

•H 

0) 

E 
(0 

£- 
(Q 

a 



a 

E 



(0 (0 

•H > 

O c- 

H (0 



O 
(/5 



a 

E U 
0) 



a 

Q 



(U 
T3 

a 

s 



CMinOCMOtDCNOTOO-^CNint^CM 
t^O) OCOOOCO'* CMCDOCOCM 

•r-rj- CNOI CMCO t^CO"^ 

en CO 



CD0)OOOt^h-OOOOOOOOO 
CO CO ^ in ID 



OOOOOO'-OOO 
CO CM 



O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O OOOOOOOOOO 



cocMCpt^iflinr»*oor^t**iDininif)^ 



-»-'r--t-cMCMCM'^"^'*-'^CMCMCMCMOi 

zzzzzzooooaooQZ 



miDinininioinininininiDinmm 



CO-r-C0C>J"^COCOCM'^C0CMCOCO''-CO 



ininininooOOOOOOOOOO 

6666666666666666 



CNCMCMCM"-"^'^-^CMCMCMCM'«-'-'^'- 
OQOQZZZZZZZZaQQQ 



intntninuninintninininLninintDif) 

C0CMC0"^C0CJC0"^C0OIC0"^CMC0CO'«- 



COCM00"»-CMCM'^CMCNCO 
CMOI'«-CMOOOOOO 



ZZZZZZZZOQ 



intniniDininintninin 



CMCO-^COCMCOCO-^COCM 



OICOOOCOCOOOCMCOCOOOCOOiOOCOCM CMCOCOCOCMCOOOCOCMCOCaCOCOCMCOCO COOICOO)COO>CMCOO)CO 



COCOCOCOCOCOCOCOCOCOCOCOCOCOCO 



CMCMCMCSCMCMCMCMCMCNCMCMCMCMCM 
GOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I I I t I I i i I I i i I I 
GO0000O)C7)C;)O)O)O)O)C7}O)O)O)O) 

ooooooooooooooo 

I I I I I i I I i I i I I I I 

CMCNCNCMCNCMCMOiCMCICNCMCMCMCM 



^^^'^'^^^^'^•'t^^'^^^^ 



CMCMCSCMCMCMCNCMCMCMCMCMCMCMCNCM 
OOOOOOOOOOOOOQOOOOOOOOOOOOGOOOOO 

I I I I I I i I I I I I I I I i 

COCOCOCOCOCOCOCO^^^'^^^^^ 
CMCMCMCMCSCMCMCMCMCMCMCMCMCMCMCM 
I I I I I I I I i I I I I I I i 
CMCNCMCMCNCMCMCMCMCMCMCMCMCMCNCM 



ininininininininmir) 



CMOICMCMCMCMCMCMOICM 

oooooooooooooooocooo 
i I I I i I I I I 1 

000000000000(7)0)0)0) 

OOOOOOOOOO 
t t I I i I I I I I 
COCOCOCOCOCOCOCOCOCO 



19 8 



(0 

a 

D 
O 
IL 
O) 

(0 

o 

0) 

a 
to 



0) 

3 
C 



C 

o 



c 

a 
a 

< 



0) 

E 
(0 

to 
a 



a 

E 
(Q 
to 



(0 
0) 

LU 



<0 (0 

■H > 

O i- 

H (0 



a 

E CJ 
0) 



a 

Q 



o 

0) 
lO 

a 



o o o o o o 



000000)0 00000000 

CM "r- 



oooooooooooooooo 



CM rf 

CO •«- 

CO 



oooooo oooooooooooooooo oooooooooooooooo oo 



CM CM CO CM CM CM 

6 6 6 666 



•^ "^ CM CM CM CM 

a a a a a a 



OOOOininininoooooooo 

'sf^^^COCOCOCOCOCOCOCOCOCOCOCO 



CMCMCMCM^T-'i-T-cMOICMCM'r-^-^^ 
QQQQZZZZZZZZQQQQ 



cMooo)r*^cMcx)OOLnoocoo)cMOO 
o)coooajco':rcorroor^t^tDcorfrt'«t 



^^T-'r-CMCMCMCM'T-T-^-i-CMCMCMCM 
ZZZZZZZZOOOQOQOQ 



inininintntn miDinininintntninininininininir) loininLnininintnininLnininininLn 



tniDiniDinir) co(D(x}(0(pto(ot0(0(pa>(O(X}to(i)io 



CM CM CM CM CM CM 

00 CO CO 00 CO 00 

I I I I I I 

<Ji a G) CD Oi CFi 

oooooo 

) i I I t I 

CO CO CO CO CO CO 



CMCMCMCMCMCMCMCMCNCMCMCMCMCMCMCM 

oooococooocooooooocooooooooooooo 
i I I I i I I I I t I I < I I i 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
i I I I I I i I t t I I I I I I 
COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 



t^t^r^t^r^r**i**r*.r^t^t»-t^t^r»-t^r^ 



CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

oooooooocooooococooooocooocoooco 

I I I I I i I I I I I I I i I I 

CMCMCMCMCOCOCOCOCOCOCOCOCOCOCOCO 

I I I i I I I I I I I i I t I I 



tn in 

CD to 



z z 

in in 



CO-'-CMCOCO-r- COCMCO'^CMCO'«-COCOCMCO"»-COCMCO'»- CMCOCO^r-CMCOCO'^CMCOCO'-CMrOCO'^ CM""- 
CMCOC0CMO)C0 CMC0CJ)C0C0CMC0O)CMC0O)C0CMC0O)C0 C0CMO)C0COCMO)C0C0O)CMC0C0CMO)C0 COCO 



CO 00 


CM CM 


^ 'I- 



199 



(0 

a 

3 
O 
L, 
O) 

tn 

0) 

o 
o 
a 



"0 

D 
C 



C 

o 



T3 
C 
0) 

a 
a 

< 



E 
(Q 

£. 
<0 

a 



a 

E 
(0 



0) 

UJ 



^ 0) 

V > 

O £- 

H (0 



O 



2 



c/) 



in 



a 
s o 

0) 



a 

Q 



z 



o 

(U 
T3 

a 



CO 
O 



oooooooooooooo 



OOC0^0)OOOOOOOO0)€J)CM 

rf IP 1- CM ^ ^ ^ 



oor-cM'-^nin-'-inrro^tO''-"'- 



00 
CM 



CO 



in 

GO 



CM 
CO 



ID 00 ID CM -^ 
(D CM -»- ^ 0) 



'r-<i)O)'^0)TriDCM 

0)OOCMO)"^^<i>CM 

CM -- -^ T- CO 



CM ^ CM "^ "^ 0) CM 
"^ in (35 Tt ID -^ 



OOOOOOr^t^inint^ 
h- CM o in CO 

CM 



OOOOOOin-r-t^^cotp 

CM CO -^ CM CO 



r^ CO 
CM -^ 



in 

CM 



•^ t^ CO 

in "^ 'T- 



ininoooooooooooo 



t^cooo'^^cocotDininiot^coooo 

CMCOCOCOCOCOCOCOCOCOCOCOCO^'^''^ 



OOinoinoinooino 

C0^'<T^C0C0CO'5tC0CO^ 



<r--r-cM^"^"^'»-CMCMCMCMCMCMCM 
ZZZOQQOQOOaZZZ 



inininininintnininininininin 

C0C0C0nC0'»-CM'^COCMCOC0CM'»- 
CMO)0)0)CMCOCOCOCMC^O)CMCOCO 



^-i-^T-cMCMCMCMf-r-^^-CMCMCMCM 
ZZZZZZZZOQOQQOOa 



CMCMCMCM'^'^'^'^CMCMCM 
QQOQZZZZZZZ 



intninintninininininininintntnin inininintninininintnLn 



COCM-'-COCO-r-COCMCOCMCO'^nCMCO''- CM'-COCOCOCO'r-C^COCOCM 



CMCOC^O)0)COCMrOCMCOCDCOCMCOO)Cn C0C0CMO)O)CMCOC0CMO)CO 



ooooooQOoooooooooooooooooooo a)aia>(Jiaia)Oi<Ji(jiO)Qiai(JiQiaiai OOOOOOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMC^CMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCM 

oooooooooooocooooooooococooo ooooooooooooooooooooooooooflooooo oooooocooooooooooooooo 

I I I I I I I I I I I I I I I I I i I I t I 1 I I I I I I I I I I I I I I I I I I 

t9a)r^t^t^i*-t**t^r^h*r*r^t^t^ OOOOOOOO'-"^'^"^'^'^''"'^ ininininininininiDiDO) 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM ^^.^^^^^^^^-r-^^-r-^^ CMCMCMCMCMCMCMCMCMCMCM 

I I 1 I I I I I I I I I i I I I I I I I I I i I I I i I I I I I 1 I I I I I i i I 

-^^Tr^^Tr^rtTj-Tr^TfTr^ inininioininininininininintninin inininininininintninin 



200 



a 

O 
L. 

Ui 
^^ 

to 
0) 

o 

0) 

a 

4/5 



0) 

3 
C 



C 

o 
o 



c 
o 
a 
a 

< 



E 
(0 

a 



a 

E 



(0 (0 

•M > 

o t. 

H- (0 



a 

E O 
0) 



a 

Q 



o 

(D 
{/) 

T3 

a 



0) Ol tP CO ID 

t** "^ "^ CM n 



o o o oo 



0'^0)inincoint*-cD(DCDOt^'^00) 

CDOOJOTCO^^CMOOIDOCM^OT-^O 

'^cMn'^0incM0r«-t^cncD"«tc»30cM 
^ ^ ^ ^ ^ CO ^ 



0C»)000'»-CM^04Ci)a)CM0000 

CO co-^int^-^cor^ 



O^COCOOJT-CO-^OCDCMOCMCOCDOCM 
C0O"^0)OO0)lf)lf)"^C0t^Olf)C£)Jf) 
OI"»-'»-C0C^CMTtCMCM^C0t^^C^CMCM 



r^f-'incoinO'^r^f^oocMCMincDOJO 
cococMcor-cointoiniD'^t^OcNincD 
oi -»- 04 -r- ^ ^ 



CO -^ oi 

O in ID 

"^ in tp 

CM "- 0) 



'^ ^ rr 

CO CM c^ 






CM 
CM 



CD 
CM 



C3 00 CO 
T- CM '•- 





CM 


CD t^ 00 

in oi -r- 




(D 

in 


CM 



in 

CM 



in 

CM 



in 

CM 



O C^ 00 

in CM CO 



CM 



CM 



CM 
CM 



(D (D 00 
CO -^ -*- 



in r^ O O O 

CO CM CM CO CO 



CM -»- -r- ""^ "»- 

z a a a a 






OOininoooOinooooooinin 

CD(D(DinCOCOCOCOCMCMCOCO'«!t^CMCO 



CMOlOICM'i-'^'^''-CMOICMCM^"r-^^ 
OaOOZZZZZZZZQOOO 



in t^ 

CM CO 



o 



inoo-^in a -r- co-^co 



incDin 0)0)^-tD0)^tD'^ 

OICMCM -^COOOCOt^COCMCM 



CO 






OOOcoOOOOinOinOOOOO 

^in^Tr^^^rtCOTTTf-^rt^^-^ 



CMCMCMOJ'^^--^'«-CMCMCMCM"«-'«'--^t- 
QQQOZZZZZZZZOOOO 



CM O O 
t"* t*- CO 



CM CM CM 
O Q O 



ininininin ininininininintninintnininLntnin tninintninintnininininininininin ininin 

"^COCO-^CM C0CM"*-C0CM'^C0C0C0C0CM'»-"^CMC0Cn ^CMCOCOCM^COCOCMCO^-COCM-^COCO CM-^CO 
C0O)CMC0C0 0)COC»)CMCOCOCMO)CMO)COCOCOPOCMO) COCOCMO)COCOCMO)COCMCOO)rOCOCM05 COCOCM 



ooooo ^^^^^^^^^^^^^^^^ 



CM CM CM CM CM 

00 00 00 00 00 

I I I I I 

iS) iO tD tD ^D 

CM CM CM CM CM 

I I I i I 

in in in in in 



CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

oooooooooooooooocooooooocooooooo 

I I I I I I I i I i I I I I I I 
CMCMCMCMCMCMCMCMCOCOCOCOCOCOCOCO 

OOOOOOOOOOOOOOOO 

I I I i I I I I i I I I I I I I 



CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
00000000000000000000000000000000 



III! 



I I 



I I i I i I I 



t**r*i**h»t*-isi*"r*»oooooooooooooooo 
OOOOOOOOOOOOOOOO 
i t i i I I I I I I I I i I I I 



CM CM CM 
00 00 00 

I I I 

ooo 



201 



a 

D 

L. 
0> 

^^ 

0) 
0) 

o 

a 
I/) 



.- 0) 

(Q <Q 

■H > 

O £- 

K (0 



a 

E U 



V 
0) 

3 
C 



C 

o 

u 



T3 

C 
0) 

a 
a 

< 



(0 
0) 

E 
(0 

(0 

a 



a 

E 
(0 
in 



C»5COCMinh»"r-OCDOO"»-OOtDO) 

^OO-^t^OtDCMOOOOOt^ 
C3lDCOt^t0OCO'*CMCMC»5C4 
OO-r-cprrCM^CMCM 



•'-'-t^CMOOinO^CD (N 

tPh'COlDlOtDOiCM 



O 
ID 



in 

CN 



O 
in 



CM 



CM 



GO en 

T- 0) 



(0 
CM 



in 



OincD-^co-^coinco 

CM in CM ^ C»3 CO -r- 

Ooin-i-iotocMooino 

-^OCDCOCMCM'^-^CO't 
CO -r- "T- -r- CM 



cMin'»-inof)0)'^c»)tO"»-t^cMOO)'^OinO'^Ooooi**cococ»5^c»)'^ 

oO-^'^inh-'^oocMootDooocMOOtDCMinininT-^OOCDcoK'*- 

ajcocQCM^ft^cD^cD-^ipcocDcMinoin-r-j^inincMcocoooiDh-in 

^T-'^intPOr-oco-^cp'^coco''- cMcocooint^cMCMCMCo 

^rrcoino)oocj)oo cmcococmcmcmcmco 



cMipin(Doo'!toa)Ot^"^cocot^ooocph-cMcooincD'»-Ot^inooin 
■^Oi^'^t^incM^coTfh-'«-r^h.cMoocM^in'3"cncNoocMcoincx)h''»- 

tDCM'^'^CMin00t*-'^'-h-O) CNCMO'^'^- COminiDCMCOOOOC*)'^ 

^ CM •»- -r- 



in (c o in o t^ 

^ CO CM t^ CO 00 



0) h- *»- CO 
CO 



<» 


CO 


CO -r- 0) 


O 


CO 


CM 


CM m in 


CM 



t^coinincot*» ojtor^ 

Oint^h-CM"^ CMCMin 



CJ) 


CO CM CO 


■v- 


r^ in o 


"^ 


C»3 


CM ^ CO 


CM 


r^ (0 '^ 


^^ 



O -^ CM CM 
CM -r- ^ -^ 



0) 
CM 



OOCMO) 00 CO ^ CM CMC0in'r-^if)^OCM 

int^'T- in "^ 'T' 1- incMCMCMCocococMCM 

f~ ■»- CM -^ 



CMCO COh-OOOOJrf coo -^ 
^CM t^O"»-'^'«fO) -^CO CM 

CM -^ CO ^ in -^ 



CO in CM t^ to 0) o 

CM t^ rj- -r- t^ 0) CO 



incMoo'^0)coh»incococMTj-ininoooocoo)cO'^'^ini**o)cooiin(o-^ 
coo)ooooOco'»-cO"^OcMincoo<J)cococD'^cj)tocMr^"^cnco'!rino 
•^ oicMCMin-'-'^incMCM cM^n "^^Ttrr-r-mininco-r- 



r^ooo^-incMOOooomino 


Ocoin'^'-oocoTrcMcocMCM''-'r-'r-^Oooh»Ocoo)oooocooot^in'^ 


t^oocot^h-ootooot^cocoinco 


r»>r*ot^t*»ooh>oooooooooooooocooooot<«t^ooo)oooooocDa)(j)CDO)CD 



OI^^^^OICMCMCM"^-^-^"^ 
QZZZZZZZZOOQQ 



CMCMCMCM*"'i-'»-'^CMCMCMCM"*-'*-"^'»-CMCMCM-^-^"^'^CMCMCMCM'»--»- 
QQOQZZZZZZZZQaOOOOQZZZZZZZZQQ 



ininininininintnininintnin ininininintnininininininininininininintnininininininininin 



DCM'»-C0COCM"^C0COCM'^COn 

0)cococMCJ)rococMO)cor)CMO) 



CM'^COCOC»3CO'r-CMCM'^C0COCOC0'^CMCM'»-COCM''-COC0C»)'^CMC0CM'^ 
COCOCMO)<»CMCOr3COCOCMO)0)CMCOCOCOCOCMCOCOCMC3)(J)OCOCMCnCO 



cocococncococococococococn ^j-'^^^^^^r^n-'*^'^^^^^^^^^^^^^^^^'*^ 

CMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

COQOOOOOOOOOQOQOCOCOOOCOGO QOOOQOQOCOOOCOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQO 

I I i { i i I I I I i I I i I I I I I I i I t I I I I i I I I I I I I I I t I I I I 

OOOOO**-"^'^"^'^"^'^'^ ^o^D<D^ococo<o^D^^^*^•^*^•^»^*^'^*t^^*^*^*^'^•cooooooococo 

t I I i I I I I I I I I I I i I I I I t I I i I I I i I I I I i I I i I f t I I I I 

COCOCOCOCOCOCOCOCOCOCOCPCO (OCO(OCO(O<OC0COCOCOCO(O(O(OCP(OCOCOCOCOU>(O(OCOCOC0(OCOCO 



202 







(p tn 




U) 


"^ 


t^ 




OJ 


h- 


in 




0) 


o* 


CM 




UJ 






r— 


0) 






<0 


(0 


lO 


CM 


■H 


> 


0) 0) 


o 


t. 






K 


(0 

X 
X 







a 

D 

o 

(0 
Q 

O 
0) 

a 

CO 



C 



c 
o 
o 



T3 
C 
(D 

a 
a 

< 



(0 

{. 

(D 
g 
(0 
{. 
(0 

a 



a 

E 



a 
E u 



a 

Q 



a 



r3'^Oh-'^0-^OCDCM"*-0'^0)0)Oin'^'r-0)0)lf)CMCOOOO)0)CnCOOO'!i-0 0O'^tDt^C3(PCi) 

coinor-t^"^0)CMC£)OcoooO'^ooooP5-«-"r-cMco(i)coin'r-ooO'r-incocM o)r*cnooc*)co'^ 

a)iDincMCMO)i**^0)i^'-oocMOinoocoo)oocot^c»)0'*ir)t^co'^0)0)CMt^ o)cM-r-coo)'-^ 

CO^COCDCOCnOOO'^CM^CM'^ CM^tCDCO^'^O'^ "^"^ -r-cMcncMOt^-^ 

T-cM-'-conco^ inintpcO'^'^'r-T- ^coto 



cDCMrr'r-t^(i)0«)t^'^t**incoor^cMcocDintDinoooinioiDO)ix)'^r^O"^ 
oooooiniDOincor-cn-r-vDcot^"»-'r-inin"^cMC9<DOO)t^t^cMO'^coir)0 

'>- CM ■^OCOID'^O^ -^"^ (CI^^-^OlDOOin CMCO 



CO (X) CO CD CO -^ en 
in o) CO CO CO in in 

CM -^ '«- T- CO T- -.- 

-r- CO 



in 

0) 



in (0 
t^ 0) 



CD 
CM 



t^ in 


CO 0) CM rf 


00 


in CO CD t^ CO 


in CM 


CO CD CM -^ 


CM 


-- T- CD CN ^ 




■r- CM 




CM T- 



O 00 CD CM in t** 
O ^ in CM Tt CM 



CM -^ CO CM (D h- t*^ 

^ t^ CM CM CM 0) CJ) 

CM CM 



CM 
CD 



CO 



or- 
in t^ 



O in in CM 
tn CM in CD 



in o in •»- 
CM o in o 

-r- CM 



CO 
CM 



^ 0) 
00 ^ 



00 
CM 



^ "*- CM in CD t^ 

CM in CM CM -^ 0) 

CM y -r- 


in 


00 "^ 00 00 CO 

rr o 00 'I- CM 

CM 


CO 



r* O 00 CM 00 CO h- ( 
•»- in CO CO •»- CO -^ 

'T- CO CJ) CO CM -^ 

^CDOr^ CDinoocMCoco -^oo 

CMCDt"-*^ Of^OOOO-^CM '»-CM 
^ -- CO CO CM •»- CO 



'^OO'^CDinincM 

^•CO^CMCDCMrt"»- 
"»- CO CM t** CM CM ■«- 



CM -r- 



CD ^ CO 
CM -r- T- 



rroOCMOCOCOCOOOinOOCDCMCMt^CMO 

._ cDOin^-T-cMcocncM 



ooin'^co-'-coO"^ 

-.- ^CO ^'^CO-'-"'- 



inin cM'r-o)i>*inT-ooi^cocMCDincocMTr'^t^oin'^cj)cMTr'»-o)co'»-o)h»cDOt^ 

CDO) CJ)00)0)OOOOOOOOOOOOOOOOOOOOOOOOCO(7)0)(7)CD(3)000)CnOO)0000(7)00 

-r-^ •-CM'»-'^'^'^"^'^"^'^'«--r-'r-'«-i-i->r-«f-^^-r--.-CMCM'»-'r"CM'«-'-'^-«-T- 

CMCMCMCM'r-T--r-'»-cMCMCMCM'^'»-'^'»-CMCMCMCM'*-*^"»-'^CMCMCMCM^-'»-'^'»- 

oooozzzzzzzzooaaooQazzzzzzzzoooQ 



in in 



0) CM -"^ -^l- O CO 00 

CD CM Tt -r- vo rr CO 

1- -.- 'I- -»- CM t^ t^ 

CM 



CO CM O 00 O 0) 00 



O O 0) 0) O 0) 0) 
CM CM -^ -r- CM -^ T- 



CM CM CM CM -^ -r- -r- 
Q Q O Q Z Z Z 



tnininintninininininininininininininininininininintninininininin ininininininin 



COCO CM"*-COCOCOCO'r-CMCMCO'^COCOCO'^CMCM'^COCOCOCO'^CMCMCO"^COrOCO'»-CM CM'^COCOCOCOCM 
CMO) C0COCMO)O)CMCOC0COCNCOO)O>CMCOCOC0C0CMO)O)CMC0COC0CMC0O)CJ)CNCOC0 C0C0CMCDO)CMCO 



^^ inininintnininininininintnininininininintninininintntnininininin cdcdcdcdcdcdcd 



CMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

0000 OOOOQOOOOOOOOOCOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOflOOOOOOOOO 

11 i I I I i I I I I I I I I I I I I I I I I i I I I I I I I I I i 

0000 cocococococococo^^rf^tfTrTfTtrf«?r"^^^^^rrinininininininin 

•^ -r- CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

II I I I I I I I i I i I I I I i t I I I I I I I I I I I i I I I 1 

CDCD CDCDCDCDCDCDCDCDCDCDCD(DCD(DCD(DCDCD(DCDCDCDCD(DCDCDCOCD(DCDCD(D 



CM CM CM CM CM CM CM 

00 00 00 00 00 00 00 

i I I i I t I 

0) C7) 0) CD (7) 0) CD 

CM CM CM CM CM CM CM 



I I I I 



I 



CD CD CD CD (D CD CD 



203 





(0 




0) 




0) 




UJ 


^_ 


Q) 


(0 


(0 


•H 


> 





L. 


h- 


(0 




•- 




X 




X 



in 
a 

3 

o 
^^ 

U) 


O 


a 
I/) 



T3 
(1) 

C 



C 

o 
o 



c 

0) 

a 
a 

< 



(0 
0) 

•H 

0) 

E 
(0 

L. 
(0 

a 



a 

E 
(0 



a 
E u 



a 

Q 



0) 
T3 

a 



OcMoocMO'^oi'^m'^oOOO'^'^inocotn'^tDOiP^ 
r-nO'^^t^ino)0)0)ioo)0)0)0)--coo^ino)coc5iDco 

0)C£)'^0)Ot^tDnO)Oti)'^ CMt^CM-^COOCOOOOCDCMCO 



OT'^CDrrococMintpootDinr^tocNincocoOTin-^'^h-cMoo 

CM-^OCMCN 'T- IDC3CM C3)COOC005'^OC»)'«- '«tCM 

^ CM CM "^ -<^ "^ '^ 






ioc>jh-in(X)'^Of^'^if)cococMcoOr**oo 
0)a)cN<x)O'^'^0)O'^iDc»)'^"'-(X)0)r^ 

'^CMCOCMO'^t^'^OT'^OTOOQCOroin 



o 



in 

CO 



en 

CM 



O 00 tD -^ in 

ID CM rf 10 CO 



CO 



in-'-iDt^coco O)ino c*) 
■^ iSi iD (3) -^ -^ r-t^co m 

CM CM CO in "»- 



in 



0) 
CNJ 



CM 



CM 
0) 



to "^ CD ^ 
CM '•--•- CM 



CM 



ID t^ 



0) 
O 



(D 0) in 

".- 0) CO 

CM ■*-cD cncDin'^^incoO'^OcMco 

CO ^ -r- CMOTO'^t^^OOtOCD^COin'^ 

rr ^ t«- ^ CO in 00 

OlDO)OtDCD^rO^CM^r^O'^0)COCO"»-t^COOOOCDO)CM 

t^ino)ooincoo)cM'r-tDtDintotDC3)int^o)0)'^t^'^'^^t^ 

OCMCM ^ inCOCM CM'^OCMOT-'d'COCO COCM 



DO00^t^'^O"^^OCDC0t^'r-CM^'»-C00)inCM000)0)t0 
OO0)0)CD00000000h»tDa)CDt^t^t^r^t^t^lDr>*tD(D<X)<D 

CMCM^^^^^^^..-^^^^^^v-^^^^^«r--r--r- 
'»-CMCMCMCM>»-i-'p--r-c^CMCMCM^''-'r-^CMCMCMCM'«^-^'r-5f- 

zzzzzoaoQQOoazzzzzzzzoooo 
inininintnLnininininininininininininininininininin 

'-CMCO'^rOCOO-^CMCM-'-COCOCOCO'^CMCMCO'^COCOCOCM''- 
COCOCMCOO)0)CMCOrOCOCOCMO)0)CMCOCOCO<MCOO)CF)CMCOCO 

(j;)(P(p(0(P(p(D(D(D(D(i)CD(D(D(D(DCD(D(D(DCD(D(D(D(D 



CM OOO^Ot^O'^^'^tDt** 
1- COOJOOCMCOt^-^OI'-lDCD 
-^ ^ 

OOt^r^t*-t**cMO'^'^ooo)to^Or*-(D 
ininoirfOcMincDcoO'^-^coincoojco 
^cMC»)cMO)OtD'«tr^'^0)tDcoincoo)co 



rfOO"^(D<Dint**CMCM'*-CM"*-CM'^"r-CM 

CMCMCMCMCMCaCMCMCMOICMCMCMCMCMCMCM 

C^C^CMCM'^'^'^'^CMCMCMCM'-'^-r-T-cM 
QQQQZZZZZZZZQQQQQ 



inininininininininintnintninintnin 

CM-^COCOCOCO-^CMCM'^COCOCOCO-'-CMC) 
COPOCMOOCOCMCOCOCOCOCMOOOOCMCOCOO) 
•^■r-'«^CMCM"i-''-'»-^'»-"^CMCM"r-i-i-f- 



CMCMCMCMCMCMCMOICMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
OOOOQOOOOOOOOOOOQOOOCOOOOOOOOOOOQOOOOOOOOOOOOOOOOO 

I I i I I I I i I I i I I I I I I I I i i i I I i 
0)0)OOOOOOOOOOOOOOO3-3-3:3-:-3-3-^ 
cMCMCococococoncococococococococnoOOOOOOO 
I I t I I I I I I I I I I I I i I I I I I I I t I 



CMCMCMCMCMOICMOICMCMCMCMCMCMOiOICM 
OOOOOOOOCOCOOOOQOOOOOOOOOOOOOOQOCO 



I I I I I I i I 



I I I i 



i I 



«)U>tD<DtDtD<DiDt**i**t^i^t^r*-t^r^r^ 

ooooooooooooooooo 

I I i I I i i I i I t i I I I I i 



204 



a 
o 



o 
(1) 
a 



c 
o 
o 



T3 
C 
0) 

a 
a 

< 



E 

a 



a 

B 

00 



(0 
LU 



-. 0) 

(0 <0 

•H > 

O L. 

h- (0 



a 
E u 

0) 



a 
o 



0) 

m 

V 

a 



"»-rrcncoo)0'^ootoocot^oor)"^ 
cx)0)'^coOt^"^oO''-cMoocoO'^in 



Ot*^ooo)^cMr^oocO"^incMcocMTt 

tocMr^cocococo^cMtp'^ooOtDcn 

IT) r-«rroj(X)toif)-^co'^cocM 




OOinCD00t^CMC00)C»)O"^l0CPC30)0)^'^CMt^Ci)C>J0)OinCM 

'^r cNCMOoiin^rMOO)'^cocoo)CNinrrt^cNy)"«:rt^ti)OOr^ 



CD ocotflcM-^toinci) 



0) CM o '^ 

O t^ O in 



00 



CM 

in 



CD (X> 

(0 in 



in 



CO 
CM 



Oh-00t^C0CM^(X)CDOtX>l*^CMCN'^ 

tDCMt>'OcMcou)coinoot**tpr^coco 
in co'^'^ininTr oj-i-cmcm 



O CM 

CO 'r- 

O intoooh-cMcot^coocMint^o)cnin^'r-int^<DCMt^oincM 

^ CMC^OOICM^"r-00)OCOCMOCMO^t^COCDrtt^T-OOt^ 

CO rtco(X)CMcoTr'-co^*'-t*-«)ooo)"^tr)co^^cM 



cMCMcorr^^"^0)oooootx)ooinin ocM^coininininininminoooocDr^coiDcoipcoiDCDooa) 



OOOOOOOOOO-^OOOO 

CMCMCMCNCMCMCMCMCMCMCMCMC^CMCM 



CMCMOI-r-^^^CMCMCNCM-^^-r--^ 
QQQZZZZZZZZQQQQ 



CMCMCMC^CMCMCMCMCMCMCMCNCMCMCMCMCMCMCMCMCMCNCMCMCMCMCM 
CMCMCMCMCMCMCMCMCNCMCMCMCMCMCMCMCMCMCMOJCMCMCMCMCNCMCM 

C^CMCMCM-r-'T-T-'^QQQQCMCMCMCN^'r-T-i-CMCMCMCM-r-'t--- 
QQQQZZZZOOOOQQQQZZZZZZZZQQQ 



ininininininininininininininin ininininLninininininininininininininininintnLnintnLnin 



•»-CMC0C0CM"»-C0C0CM'^C0C0CM^-C0 
C0C0CMO)C0COCMO)C0COCMCJ)C0COCM 



CNCMCMCMCMCMCMCMCMCMCMCMCMCMCN 
COOOOOCOGOOOCOCOGOOOCOOOOOOOOO 

I I I i I i I I I i I I I I i 
t^i^t^-t^r^f^^t^cocooocooocococo 

ooooooooooooooo 

I i I I i I I I I i I I I I i 



CMC0'^r0C0"»-CMC0C0'r-OIC0C0CM'»-C0'«-CMC0C0C0'^CMC0C0'^O 
COOOCOCMOOCOCOCN<X)COCOCMCMrOCOO)COCOCMO)CMCOCOO)0)COCM 

•'-CM'»-T-0*'»-'r-i-CMCMCMCM"»-«»--«-"r-'»-"^"»-'r-^-^-r-^T-^^ 
OOOOOOOOOOOOGOOOOOOOGOOOGOCOGOOOOOOOOOOOOOCOGOOOOOCOOO 



CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMOI 
OOCOOOQOOOCOOOOOOOCOOOOOOOCOGOOOCOOOCOOOOOOOCOOOGOOOCO 

I I I I I I I I I 1 I I i I I I I i I I I i I I I I I 
cocococococococorT'^^^^rr'^Tr'^rtrr^ininininininin 

I t r I I I I I I i I I I I I I I I I I I I I I I I I 



205 



c 
o 
(J 



c 

CD 

a 
a 

< 



U) 
Q. 

3 
O 
t- 
O) 

Ui 
0) 

o 

0) 

a 



0) 

■H 

0) 

E 
(0 
1. 
(0 

a 



a 

E 

C/) 



r- 0) 

(0 (0 

-H > 

O t. 



a 

E (J 





0) 

to 

T3 

a 

s 



in-^cMoococoino)'^ 
inoo''-o)t**(X)oO'^(D 

CO O -^ if) -r- -r- CM 
^ CM -•- CM 



00h*t£)^in^O0)O 
CMCD'^CDCM'^O)"^ 
O CM -^ "^ 1X5 CM CO 



ci>o)inoocMh>CDino)0)cM^if)"^nh-ooOcor)t^cMir)000)cono)ooif)0)^ 

CM0)h'CMCM00t^C^CX>O-^CD'^00^0)t^O0)tf)CMO'^C0r^0)0)C000^lf)^C0 
CM-r-'^CMt^-r- T-t^oo-*-v- CM0)0)inCDt^OOtfllX)^^C0C0C0C0mCM 
•^•r- cOt- CMtD-^t^CO-T-CM 

•^ CM 



coOincDOcMin'^OOOCMiniocMOOcMOOooocDin'^OOOcMCMOcMrt 
CM co-T-coiDCMn CO -^ -^ a ^ cM^^^-in-^-^'- cMt^ co -^ 

CM «»- CM "^ 



CM O 0) 

CM in rr 



CM to 
CD CM 



CM 



to 

CO 



CM 
CM 



rtI^(X>Oinif)O0) 

"^cD-^cMr^oo)-^ 
in CM '•- rf rr ▼- CO 



(0 in 

CM CM 



00 
CM 



in CD t^ 
CO T- CO 



■^ o CM in in CM 

CO 00 -^ -^ CO ^ 



cMOOcoOt^in^ 


CM 


CM ^ 


cM^TtT-inoo-^^ 


CM 


CO ^ 


CM 







CD^'^^^CDOOtDlD OOOOC0C0CnC0C0C0CMCMCM''-'r-'-"^C0C0OOOOC0C0C0C0r^r^t^t*»'CMCM 



CMCOCOCOCOCOCOCOCO 
CMCMCMCMCMCMCMCMCM 



T-CMCMCMCM"*--'-''-^ 
QZ2ZZQQQQ 



COCOCOCOCMCMCMCM'»-^CMCMCMCMCMCMCM'^"»-Of)<J)0)C5)OOOOOOCOOOOOOOOO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM''-"^"«-''-CMCMCMCM 

CMCMCMCM'^^-'-'^QQCMCMCM'^'^'r-'^-QQCMCMCMCM'^-^'^'^CMCMCMCMT-T- 
QQQQ2ZZ200QQQZZZ200ZZZ2QQQQ22ZZQQ 



ininininininininin ininininininininininininininininininininininininininininininininin 



CMCM-r-coCOCO^COCM 

COCOCOCMOOOOCnCMCO 

^^^^CMCM-r-'^''- 
000000000000000000 



CMCMCMCMCMCMCMCMCM 
000000000000000000 

I I t I I I I I I 

in(D(DU}(DCD(X>(D(D 
i I i I i I I I I 



CM"^COC0C0CM"^C0'^C0C0CMCOC0CM'^COC0CM''-C0CMC0C0CM'^C0CMCO^-C0C0CM 
COCOCM(J)0)COCOCMCOCMO)COCMO)COCOCMO)COCOO)COCM05COCOCMCOOOCOCMOOCO 
^^^^^^^^C>jC^^^^^^^^CMCM'r-5r-^^^'.-i-'r-^CM^'r-CM^ 

0)0)C3)0)OCD0)0)0)0)0)0)0)0)CJ)0)0)0)0)Cf)0)0)0)0)0)0)<J)0)0)0)0)0)0) 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I I I I I I I i I I I I I I I I I I I i I i I I I I I I I I I I 

OOOOOOOO'^'^'^'^'^'^'^'^'^'^'^CMCMCMCMCMCMCMCMCnCOCOCnCOCO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
I I I t I I I I I I I ( I I I I I i I I I t I I I i i I I I I I I 



206 



a 

3 
O 

m 
o 

o 

a 



3 
C 



C 

o 
o 



c 

0) 

a 
a 

< 



E 
(0 

Q. 



a 

£ 
(0 



r- 0) 

•H > 

O £- 

H 03 



a 

E O 



a 
o 



c 

0) 
13 

a 






^ 0) 

-r- CD 
CM 



o o 



cr)iDD(oco(X)tDif)0(i)tr)'^00'^in'^co«)"^cDr>-ti)ooTrin^o)ooo)0)co 

-r-onCMOtPCM'^OCOh^t^ tD'^OTi3)Cn(i)t^OC35'^^0)t^'^COncOCMCO 

in CO cp ^ 



O O O O O O O 



OOif)OncM'^ooiD(DoO"^0)OoJCPOOinh»in'r-ocDCDOcNooi^t^OO OOr^O-^-^^ 
o)oot^"^cMr«*r^rrcoincMif)cnif)cMcn -r-^cNin cm-*- '!too''-in co id (dcm 

CM -•- -r- ▼- 



CO o in 

t^ CM CM 



0) -^ 



r^ CO o 

-r- CO t*- 



o 



CM 



CM 



t^OOOCn-^'^rfiSnCOrtiDlDCirt 
•^COinOCMint^CMCO-'-CMlDCM^CMCM 
CM -r- 



int^iO'^ coco cNcot^co o 
-.-T-cMco corr -^co-^^ CO 



00 
CO 



CM CM 

00 00 

Q O 

in in 

•*- CO 



<3)<3)0)0)OOOOinininin'^CDCMCMinininin-^'r-"«-^oooooooooooo OOOOininin 

CMCMCMCMCOCOCOCOCOCOCOCOOO"^COCO<^<3)<3)CJ)OOOOCOOOCOCDCOCOinininin T-i-f^^^^ 
CMCMCMCMCMCMCMCMCMCMCMCM-^CMCMCM-'-'^'^-'-'r-'r.'r-T-^^^^^^T-^ CMCMCMCMCMCMCM 



'T-i-«r-«r-CMCMCMCMCM'«-'r-i-cMCMCMCM(NCMCMCM'r-'^'^^CMCMCMCM'^'r-T-^ 
ZZZZZZZZZQOaQOOOCDOQQZZZZZZZZOQOQ 



CM CM CM CM -^ -»- "^ 
Q Q Q Q Z Z Z 



inintnininininLninininininininininininininininininininininininin intnLntnininin 



CO"^COCMCOCM''-COCOCM'^COrOCOCM'^"-CMCOCOCOCM'^COCO'^CMCOCOCM'«-CO 



CM ''- CO CO CO CM "^ 



COCM COC0CMC000COCOCM00C0COCMCMO)C0C0(r)C0CMC000C0C0CM00C0COCM00C0C0CM COCOCMOOCOCOCO 



T- -r- o|^^^cM^^^^^^^T-T-^^'r.^^< 



|T-i-f-CM'»-"r.^CM'^'^"r- T--r--»-CMCM'»-"«- 



Oi O oooooooooooooooooooooooooooooooo 

-^f- CMCMCMCMCMCMCMCMCMCMCMCMrMCMCMCM<NCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM<NCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

0000 00000000000000000000000000000000 00 OOOOCOOOOOOOOOOOOOOOOOOOOOQOQO 

II I I I I I I I I I i i I I I I I I i I i I i I I I I I 1 I I i i 

coco cocococot*»t^t*-t^t^r^h'r^r*t^r**r^<oooooooooooooooo)<J)CJ)0)<j)0)<7)C3) 

CMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM<NCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

i I I I I I I I I I I i I I I I I I I I i I I I I I I I I t I I I I 



CM CM CM CM CM CM CM 



CM CM CM CM CM CM CM 

00 00 00 00 00 00 00 

1 I I I i I I 
00 00 00 00 00 00 00 

I I I I I I I 

00 00 00 00 CO 00 CO 



207 



a 

3 
O 
c 
0) 

\ 

(0 
0) 

o 

0) 

a 



T3 
0) 

3 
C 



C 

o 



T3 

C 
0) 

a 
a 

< 



to 

•H 

0) 

E 
(0 

(IS 

a 



a 

e 

(0 



(0 



^ 

(Q (Q 

•H > 

O £- 

H- (0 



O 



(/I 

z 



(/J 



a 
E u 

0) 



4^ 

a 
o 

in 

z 



a 

z 



ooooooooo-^ooooooooooooooo ooooooooooooooooo 



^TtinOcsOil^CMOJOOOOOt^OOCOCMOOOO^O 
co'r-in ^ rf'-cM CO ID ^inint^ inm 

^ CO -^ ^ -r- 



00OO0t-»0in00cM00"^0if)0 
CM '^ OJ nf -^ ^ 



0) 



CO 
CM 



CO 
CM 






o 

CM 



CO 

CM 



ID 
CM 



ID 



O 



Tf Ol in 10 ID to CM 
CO CM ID 00 ^ 0) CM 
CO CM 



O 
CO 



00 
CO 



CM CO CO 

-r- m n 



(0 ID 
CO CM 



r^ ID 

-r- CM 



CM 



lDO)O)O)O)000000C0lDCDU)tOt^t*-t^t**00000000000O00C0 ■»-T--r-^OOOOOOOOCMCMCMCM''- 



■»-0000'^'^"^"^CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMOICMOiCMCMCMCMCMCMCMCM 

■•-CMCMCMCM'^-»-'^'-CMCMCMCM"^"^'»-'^CMCMCMCM'^-r--r-^ 
ZZZZZOQaOOQQOZZZZZZZZOQQO 



CMCMC^JCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMOI 



<r-^T-T-cMCMCMCM'r-"r-^^CM<NCMCM'r- 

zzzzzzzzoooooaoQZ 



IDlDlDlDlDtDLDtDlDlDlDlDlDiDlDlDiniDLDlDlDlDlDlDlD iDlDtDlDlDlDlDtDlDlDiDlDlDtDIDlDlD 
COCO-'-CMCOCOCM'^COCMCO-^COCOCM'T-fOCMCOCO'^COCM'^n CM^-COCOnCM-^COCM-^COCOCOCM-^COCM 



CMCMCOCOflOOOCOCOCMCOCMCOOOOOCOCOCMCOCMOOCOOOCOCOCM COCOCMCOCOCOCOCMCOCOCMOOOOCOCOCMCO 



CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMCMOICMCMCMCMCMCMOICMCMCMCMCMCMCMCMCMCMCMCMCM 
OOGOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOO 



I I I I i I i t I I I I I I I I i I 



I i 



I I I 



€00)0)0)0)0)0)0)0)0)0)0)0)000)0)0)00000000 

'r-f-^^f-^^T-^-r-^^^-r-^^-r-CMCMCMCMCMCMCMCM 
t I I I 1 I I i I i I I I I I I I i I I I I I I I 
OOCOQOOOOOOOOOCOCOOOQOOOOOOOOOOOQOCOQOOOOOOOOOOOOO 



CMCMCMCMCMCMCMCMCMOJCMCMCMCMCMCMCM 
CMCMCMCMCMOJCMCMCMCMCMCMCMCMCMCMCM 



C^CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
OOOOCOOOOOOOOOOOOOOOOQOOQOOOOOOOOO 

i I I I I t I I I I I i I I I I I 
cocococo^Tt^^'^f^Tr^Tt^'^rr'^ 

CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCMCM 
I I I I I I I I I I I I I i I I I 
OOQOOOOOOOOOflOQOOOOOOOQOQOOOOOCOOO 



208 



a 
o 
en 

(0 
0) 

o 

QJ 

a 



T3 
O 

D 
C 



C 
O 



c 

a 
a 

< 



0) 
E 
(« 
C 

a 



a 

E 



(Q (0 

■H > 

O t. 

H CO 



a 

E O 



a 
a 



L. 

£. 
0) 
(/) 

T3 

a 



OOOOOOOOO'^fOOOOO oooooooooooooooooooo oooooo 



OtPOtOOcOO'^OCDOOOinO 
o! T- en in in cm 



OO^OOooooOOOOOOOOOinoOO 

T- CM 



OOOOOO 



00 
CM 



CM 



in 



in 

CM 



C0 GO 

-^ en 



GO 
CM 



in 

CM 



^•*-cMOOOOt^r*'t^t^cMCMCMoi coc»)a)coOOOOO)0>0)0)t^t-»r^r^O)0)0)0) •'-''-■'-'t-oo 

CMCMCnCMOICMCM-r-T-i-T-i-^^^ ^^^^^^^^Q(;^qq^^^^qqqq OOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMOJCMCMCMCMOICMCMCMCMCMCMCMCMCM CMCMCMCMCMOI 

-r-T-^r-cMCMCMCM-'-'r-^^CMCMCMCM OICMCMOlZZZZ-^'^"'-'^-^'r-'-''-CMCMC^CM CMCMCMCM"^-^ 

zzzz^zza a a aa a a a q o q q -j -j -j -j q o q q z z z z z z z z qqqqzz 

ininininininininininininLninin inininintnintnininininininininLninintnin inininininin 



"'-cncncMcoc»5'»-cocM'^c5CMcncn'«- 



co-'-cMcncocM'r-cncocMCO'^n'^oicocncM'r-co 



en CO CM •»- CO oi 



cncMoocncMoocncocnncMcncMooco cMcocoGooocncocMoocnc^cncMcncnococncncM cocMcncnoon 



CMCMCMCMCMCM'^-^'^-r-^T-T-CM'^'r-'^- CM"»-«»-"«-CM^ 



CMCMCMCMCMCMCMCMCMCMCMCMCMOJCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
OOGOOOOOOOGOGOGOGOOOOOQOOOGOGO 
I I I I I I I i t i I I I I I 

^^rrtnintnintnininininininin 

C4CMCMOICMCMCMCMCMCMCMOICMCMCM 
I I I I I t I I I I I I i I I 
GOOOOOOOGOOOQOOOOOOOGOOOGOCOOO 



cocncncncnwcncocnocncnocncncnocncno 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMC^CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
COGOOOOOOOOOOOCOQOCOOOOOOOOOCOOOOOGOOOOO 

I I I I i I I i I i I I I i i i I I I I 

•r-^^T-^^i-1-CMOlCMCMCMCMOICMCMCncncn 

OOOOOOOOOOOOOOOOOOOO 
I I I I I I I I I i I I i I t I I I I I 
o)0)0)CDCDCDa)0)o>cDO)0)0)0)a)0)a)0)a)0) 



-* ^ ^ 't "^ "^ 

CM CM CM CM CM CM 



C^ CM Ol CM CM CM 

CO GO 00 GO GO GO 

I I I I I I 

t^ t^ t^ t** t** t*" 

OOOOOO 

I I i I I i 

Oi o) a cfi oi Gi 



209 



to 
a 

3 
O 

^^ 

CO 
0) 

o 

(U 

a 
to 



T3 

3 
C 



C 
O 
(J 



T3 

£ 
0) 

a 
a 

< 



(0 

£. 

-♦-• 
(U 
E 
(0 

a 



a 

E 
(Q 



+^ > 

O t. 
H (0 



O 



a 
£ o 

0) 



a 



Z 



T3 

a 



oooooooooo oooooooooooooooo ooooooooooooooo 



oooooooooo 



OOOCMOOooOCDOCOOOOOO 

CM CM CM Tt CM -^ 



o 

CM 



00 
CM 



CO o 



CM 
CM 



ooooooooooooooo 



o 

CM 



000000^*^*t^^• cooooooocooooooo^'^'^0)0)0)0)'«i- oicmcmcm-'-'^^'t-'.-.^^^cmcmcm 

0000000)0)0)0) h-t^i**i^0)0)0)0)0)0)0)0)0)0)0)0) iniDiniDinininininininmcocor) 

CMCMCMCMCMCM-'-'^-^-r- ^^^^^^^^^^^^^^^^ ^^^^^^^^^^^^^^^ 

•»--r-CMOICMCM'»-'^'»--^ CMCMCMCM'^'»--^"^CMOICM'^'»-'«^'«-CM OICMCMCM-'-'^'^'^OICMC^C^'r-'-''- 

ZZZZZZQOQQ Q Q Q Q Z Z Z Z Z Z Z Q O Q Q Z Q Q Q Q Z Z Z Z Z Z Z Z Q Q Q 

minininininininiflin inintnLninininintninininmininin tniDininiflintnininmininininir) 

-'-nOO'^CMCMCO'r-CO C0'*-CMCOCM'*-C»)C0'^DC^CM'»-nWCM COO'^CM-^CMODCOfOCM'-COCO^ 

C0CMO)CMWC0C0O)C0CM 0)DC0CMCQC0CM0)C^CM0)C3C0CM0)O 0)CMCOCOP5CnO)CMO)CMCOCOO)CMO 



CMCMCMCMCMCJCMCMCMCM 



CMCMCMCMCMCMCMCMCMCM 

ooooooooooooooooooco 
i I I i I I i I i i 
t^t^oooooooooooocooo 
oooooooooo 

I I I I I i I i I i 



inintDtniDtnininininioioioinintn 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMCMCMCMCMCMCMCMCMOiCMCMCMCM 
OOOOOOOOOOGOOOOOOOOOOOOOOOOOOOOO 

I t I I I I I I I I I I I I I I 
inir)intntninif)inu)(x>(0(O(O(O(O(0 
oooooooooooooooo 

I I I I I I I I i I I I i I I I 

oooooooooooooooo 



(0(O(O<X>(0CP(DU}CP(D(OC0(i}(X)(I} 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 



CMCMCMCMCMCMCMCMCMCMCMOICMC^CM 

oooooooocooocooooooooooooooooo 
I I I I I I I I i I i I I I I 
0)0)0)0)0)0)0)0)0000000 
^<r-i--»-^'»-^-r-cMCMCMCMCMCMCM 
I I I t I I i I I I i I i I I 

OOOOOOOOOOOOOOO 



210 



m 

a 

o 

L. 

w 

O 

a 



"H > 

O i~ 



a 

E O 



T3 
0) 

D 
C 



C 

o 
o 



T3 

C 
0) 

a 
a 

< 



0) 
E 
(0 

(Q 

a 



£ 
CO 



a 

Q 



0) 

(/) 
a 



O O O O O O O O O O O O O O O O 0)00000000000000 ooooooo 



oooooooooooooooo oooooooooooooooo ooooooo 



OJ OOOOCOCOCnCOCOCnCOCOCOCOCMOIOJCN COOOCOOOCDCD(X)Ci)"^rr^rtOOCOCOCO 

CO inininin^^rt^C^CMCMCMCMCNCJCN 0000)€J)0)0)OOCOCOCOCOOOCOCO 

-»- CNCNCMCM'»~''-"»-'»-CMCMCMOJ-^'^'^'^ C^CNCMCM-'-'r-'r-'i-cMCMCMOlT-T-T-^ 

Q QQQQZZZZZZZZQQQQ OQQQZZZZZZZZQQQQ 

in iDtntnLniDintniDLniniDinininintn LDininuntnininLninininiDtniDiDin 

CM nCM'»-CO'^CMCOC»)COCOCM'^CM'-CnC*) COCMCO'»-CM'^C0nC0C>IC0'»-CM"'-C»)n 

CO CnCOCOCMCOCOCMO)0)CMCOCOCOirOOJO) CMC0O)C0C0COCMO)O)C0CJC0C0C0CMO) 



O O O O CO CO 00 

CO 00 CO CO h* t** i^ 



CM CM CM CM -r- -^ -»- 



ID in in in in in in 

CM CO CO "^ CO CO ▼- 
CO 0) CM CO 0) CM CO 



CO t^h'i^t^r^r*t**i^r*.t**r^h-t^ir^t^r^ eooocooooooooooocooocooocooocooo O) m O) <Ji Oi Oi a 

CM CMCMCMCMCMCMCMCMCMCMCMCMCMOICMCM CMCMC^CMCMCMCMCMCMCMCMCMCMC^CMCM CMCMCMCMCMCMCM 

CM CMCMCMCMCMCMCMCMCMCMCMC4CMOICMCM CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCM 

00 COOOOOOOCOOOOOOOOOOOOOOOQOCOCOCO COCOOOOOCOOOCOOOOOOOOOOOOOQOOOOO OOOOOOOOOOCOQO 

I > I I I I I I I i I I I I I t I I t I i I I I I i i I I I I I I i i I I I I i 

O cocococococococoTfT^rr^'^j'i'^'st uiinintnintninin;0(pu7(D(i}(D(0(D oooooocooooooo 

CM OOOOOOOOOOOOOOOO —T-^^^T-^T-^^T-T-^-r--.-^ OOOOOOO 

I I I I I I I I I I I I II I i I I I I i I I I i I I i I I I I I I I I 

O f-'T-^^^T-^^^T-T-^^.r-^^ ,-^^^^^^^^^^^^^^^ CMCMCMCMCMCMCM 



211 



a 

3 
O 

c 
m 

^^ 

(0 

o 
a 



T3 
0) 

3 
C 



C 

o 
o 



c 

a 
a 

< 



0) 

0) 

E 

a 



a 

E 
(0 
c/) 



^ 0) 

(0 <0 

■H > 

O £- 

h- (0 



a 
E o 

Q) 



0) 

(/) 
a 



ooooooooo o o o o o o o o o o o o o o o o 



ooooooooo o o o o o o o o o o o o o o o o 



COCOCOCOOCOODd 



-'-OICMCMCM''-'^-^'^ 
ZZZZZQQQQ 



inininioinininiDin 



cMCon-r-oinco-'-cM 



CnOCMCOCOOCMCOCO 



coc')ncoc'^coc30^*'^»^»■^*cococooo 



CMCMOICM'r-^T-^CMCMCMCM''-''-'*-''- 
QQQQZZZZZZZZQQQQ 



inLninLnininioinLninininminintn 

CNC0C5'-CM'^nC0C»)C0CN'^CN'^OC0 

cncMO)concooiO)0)cMr3cnc»5CQCMO) 



0)0)0)0)0)0)0)0)0) 
CMCMCMCMCMCM040ICM 



CNCMCMCMOiOIOJCNCM 
000000000000000000 

I I i i i I I I I 
000)0)0)0)0)0)0)0) 

ooooooooo 

I I I I I I i I I 

CMOICMOICMCMCMCMCM 



oooooooooooooooo 

OCOCOWOOOCOCOOCOOCOOCOCO 



CMCSCMCMCMCMOICMCMCNCMCMOiCMOJCX 

oooooooooooooooooooooooooooooooo 



I I t I t i i I I I 1 I i t I 



I 



•»-'»-^'r-T-^'»-T-cMCMCMCMCMCMOIOl 
CMCMCMCMCMCMCMCMCMCMCMCMOJCMCMOJ 
I I I I i I I I I i I I I I I I 
CMCMCMCMCMOICMCMCMCMCMCMCMCMCMCM 



212 



L 






OJ 






-H 


if— 




« 






3 


d)c 




C 


•«- 




0) u. ^ 




a 4^ 







0) (Q 






0) 4^ 


(0 


T5 to w 


0) 


c 




u 


(0 


II 






-•-^ 


d «3 




u. 


00 -M 


(0 




0) l/l 


0) 








OQ 


.. 


o 




•> "H 


0) 


» 


c r 


a 


< 


(0 0) (0 


>«^ 


0)- 






- c 





jc r 


-H 





O M 




(0 




O) 


(U z z 


c 


JQ 








a» • 


s 


■H 


JC > c 


<0 


« <o 







-J "D 


a 


T3 




(0 


(D 


C II 


<D 


V 


L. 


£. 


O 


(D Q 


C 


Q) 


•H 





rm. 


(0 - 


u 


»— 


(0 "0 







0) 


(0 


o r - 


0) 




•H £. 


t— 


0) 


3 0) 


o 


(Q 


ao) 


> 


(0 


a 


£. 


fv 


(0 


(0 


. (D 




r> 


(0 -^ 


J- 




<o -0 





T3 


0) 


««> 


C 


L. N 


0( 


(0 


(0 








0) 


>Q 


0) 


0)XJ 




C3) 3 - 


!q 


0) 


■H L. 


to 




« (0 1- 


r 


Q) 




to 


-H > ® 


•»» 


c 


0) 


H- 


(0 - 


en 


£- 


a. (Q 







"0 


. 


«f- 


^ 


3 




- 





/■^s 


r 


■H 


n 


U -H 




E 


c 


0) 




C 


u 


o 


f- E 


<0 


o 




H- 


Q 


(0 H 


£. 


*- 


c 


D 


\ 


O 0) 


m 


o 


♦- (0 


II 


c 


«J Q 




^~' 


(0 


O 


(0 




• 


©^ w 


(0 


•»- 


K C 


t. 


4-» 





0) 






■H 


W ^ "H 




c 


(0 


g 


(D 


- 




O Ui 


c 




•— 


"^ 


• X c r 


"^ 





V 






a 


X C5 -M 







« 13 


T3 


• -M 




C O CO 


II 


0> 






a 


- L 


H 


au 


a 


< ^ 


^«*- Q 



CO 



(0 CO 

•H > 

O L 

K (0 



to 
a 

D 
O 

L. 

o 

'v. 

to 

0) 

o 

0) 

a 



t/j 

z 






m 






o 



oooc 



o o o (0 



OOOO O O O in O^OO O in O O -^ rt {D O 

0) tp CN O ^ 10 0) 

•^ -^ CO n o) O 

■^ CM -^ 



OOOO OOOO 



OOOO 


^O CD O 


CO 0) in (D 


O O -^ CD 


O O O '- 




Q CD O 
O 0) CM 


in CM ^ 0) 


in CM CO 


CM 




'T' <n C4 -^ 


CM 00 CO 





o 

1" 

CM 



Q. 

> 






a 
in 





a 




E O 


to 


(U 


£. 


h- 


Q) 




<H 


-*» 


(D 


a 


£ 


o 


(0 




L. 


(0 


(Q 


4^ 


0. 


cn 


0) 


^ 




O 


a 




E 




(0 




CO 


0) 



(0 

a 



^ o 

-^ CM 



O O CD 
0) O O 
00 (D Ol 



CD 
0) 


D 00 
0) CD 


CO 0) in 

in CM -^ 

^ CO CM 


O 00 00 
in CM CD 
CM CO T- 



in in o O 

0) 0) 0) 0) 



O O in in 

O O 00 00 



in in o O 
h» r* 00 00 



CM CM in in 

^ ^ CO CO 



in in CD CO 

CO CO CM CM 



cocooo h»r-cor3 
^^^rr cDCDinin 



OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

<<<< OQOOOaCQ li. U.U.U. <<<< 0D0QCQQ3 U.U.U.LL <<<< 
QQZZ OQZZ OQZZ OOZZ OOZZ QOZZ OOZZ 



OOOO 
00 00 00 CO 



t^ t^ t^ r^ 
OOOO 



'<r n "^ "q- 



OOOO 

€0 00 00 CO 



r^ I*- h* h- 
OOOC 



OOOO 

00 00 00 00 

I I I I 
fN. r>* 1^ r^ 
OOOO 

I I T I 
<q' ^ ^r TT 



OOOO 

00 00 00 00 



OOOO 

00 00 00 00 

lilt 

'^ '"t TT ^ 



OOOO 

00 00 00 00 



OOOO 

00 00 00 00 



0) 0) en C3D 
OOOO 



inininm inininin inininin cdcdcdu) 



213 



CO 

en 



(0 (Q 

-H > 

O £- 

H (0 



a 

D 
O 

c 

C5 

0) 
0) 

o 

0) 

a 



z 






03 






O 



Q. 



in 



in 



T5 

3 

c 



c 
o 



c 

(D 

a 
a 

< 



CO 

s. 
0) 

0) 

E 
(0 

1. 
CO 

a 



a 

E 
cyi 



a 
E o 



a 
o 



CO 

o 



CO 

o 



O O CM O 
(0 iD 

CM h* 



O O O CM 

00 



O O CO O 
0) 
CM 



O N t^ r^ 
■^ CD in 
""^ en 



O t^ to 10 

GO 00 C4 

0) O t^ 



ID 00 »** r- 

CO n in o 

n t^ in ^ 

00 o ^ in 

CM CM 



O O r) CO 

O 00 



00 '^ O) CO 
in n 0) ID 
^ m c^ r5 
cp CD in h- 



O "^ 0) in 
O 00 r* 

(^ CM -^ 



OOOO OOOO 



CMf^OOCM CMTfOlO OCM^CD 

CDO^CD Ol^CDCM ^0)"^ 

O)0OO)CD "^ ^ ''-CMCM 
n CM CD CD 



^ 

h* 



X 



^ 
^ 



r^ CO 
CD n 

CM 



O CO r^ CD 
oi 0) O CD 
t^ ^ CO in 



CD in CD '^ 

"^ Tf o 'V 

t*. CM CD CO 

r^ O CM CO 

CM M 



r*' in •»- CO 
tn in 00 cj) 
f^ CO in in 



^ CD 00 o 

O t^ ^ t^ 

^ -^ CM h- 

tn in ^ in 



O CO 
00 tn 
00 r^ 



CM 1^ 00 (J) 

CD O CD O 

O) CO o a 

CO oi in ^ 



CM 

o 



CM O 
CD O 

n 



O 



00 
O) 



CM CD CD 
^ O) '^ 
^ ^ CM 



tn in in tn 

CO CO CO CO 



O O O <D 
^ ^ ^ -^ 



in in in in 
r^ r* 1^ t*» 



C^ CM f^ 1^ 

r* f^ t^ i^ 



-^ 'Q' in in 

00 00 00 cx> 



inintnin inincoco 



CO CO CM CM 
CM CM CM CM 



CO CO CM CM 
CM CM CM CM 



OOOO OOOO OOOO OOOO OOOO OOOO OOOO 



00 CD CD GO 



< < < < 



133030300 u>u.ULti. 



OOZZ QOZZ OOZZ QOZZ OQZZ 



OOOO 
00 00 CO 00 

i i I I 
en CD 0) en 
OOOO 



OOOO 

00 00 00 00 



C7) O (7) 0) 
OOOO 



OOOO 
00 CO CO oo 



t^ t*- 00 00 

OOOO 



OOOO 

00 00 00 00 

I i I I 
c^ r^ 00 oo 
OOOO 



OOOO 

00 00 00 00 



t^ f^ t^ f^ 
OOOO 



< < < < 

OOZZ 



OOOO 

00 00 00 00 



CM CM CM CM 



03 03 03 03 



OOZZ 



OOOO 
OO 00 00 00 



cbcDcbcb CDCDcbcb h»I^t**!^ P*'h»J**t** t^f*'t*«'r^ OOOOOOOO 00000000 



214 



en 



— 0) 

(Q (0 

•H > 

O s. 

I- « 



(0 

a 

3 
O 
i, 
C5 

03 
Q) 

U 

a 



oooo oooo oooo oooo 



O to O O 



oooo oooo 



O O 00 (0 
CM D 
00 0) 



O O 0) O 



O 0) in O 
CO •»- 



OOOO OOOO h-OOO 
O 



0-- oo 

CM 



I/) 

z 



to 
t/) 



OQ 



O 



o 



0. 

> 



to 



a. 
to 



T3 

D 
C 



C 

o 
o 



13 

c 

0) 

a 

< 



U> (0 

CO n 
r^ 0) 



0) 



0) 
CO 



0) in 



O 

CM 





a 

E u 
0) 


tn tn o O 


OOrt rf 


O O f^ !** 


00 00 O O 


oooo 


oooo 


oooo 


0) 
0) 


CO CO CO CO 
CM CM CM CM 


CO n -^ 'T- 

CM CM CM CM 


r^ h» *- ^ 

CM CM Ol CM 


CO CO CO CO 
CM CM CM CM 


'^r -^ CM CM 


^4nn 


CM CM CM CM 

i(- ▼- <p- *- 


E 
(0 


•4^ 

a 
o 


OOOO 


oooo 


OOOO 


oooo 


oooo 


oooo 


OOOO 




(0 

in 


u. u. u. u. 


< < < < 


OQ QQ OQ OQ 


u. u. u. u. 


< < < < 


00 OQ OQ CO 


LL. ti. u. u. 


0} 


o 


Q O Z Z 


oo z z 


OO z z 


o o z z 


O QZ Z 


o o z z 


o o z z 


a 

E 
to 





oooo 

00 CO 00 00 

till 


oooo 

00 CO 00 00 

III) 


oooo 

00 OO 00 00 


oooo 

00 00 00 00 


oooo 

00 00 00 00 


oooo 

00 00 00 CO 


oooo 

00 00 00 00 




(0 

o 


CM CM CM CN 
1 1 1 1 


00 00 00 00 

oooo 


00 00 00 00 

oooo 


§g§§ 


CO CO CO CO 


CO CO CO CO 


III! 
CO CO CO CO 




00 CO 00 00 


0) 0) 0) 0) 


0) 0) 0) CD 


0) 0) 0) 0) 


1 1 i 1 

oooo 


III! 

oooo 


till 

oooo 



215 



(0 



^ (D 

(0 (0 

•H > 

o c 

H (0 



0) 

a 

3 
O 

L. 

o 

CD 
0) 

O 

a 






QQ 



a 



o 

"3 



a. 



0. 



a 
to 



T3 

D 
C 



C 

o 
o 



c 

0) 

a 
a 

< 



0) 

E 



e 

(0 



a 

E U 



a 
o 



(0 



(0 

o 



oooo oooo oooo oooooooo oooooooooo 



oooo oooo 



en o O O 

CM 



OOOOOOOO 



00000*^0000 



n 

CM 






O O to in 
t** t^ tD CD 



OOOOi^cocor* 



OiOiniOlD0>(P(D(P(D 

ncococncoinminioio 



OOOO OOOO OOOO OcM^iDOcM^w OCM^tpooOcM^ipoo 



<<<< CDffli3QQQ 
OQZZ OOZZ 



OOOO 

00 00 CO 00 



OOOO 

00 00 00 00 



U. idU U. U. 



o o z z 



oooo 

00 00 00 00 



OOOOOUUCJ 

oooozzzz 



oooooooo 

OOOOQOflOOOOOOOOO 
I I i I 



cnncMCM cnocMcs concMCM cocoqpoof^i**r^t^ 

^^^^ -r- ^ -^ '- ^^^^ O O O O ^ -^ "^ -^ 



I i I I 



I i i I 



i I i I i I i 



OOOOOOOOOO 
OQOOOZZZZZ 



OOOOOOOOOO 

OOOOOOOOOOQOOOOOOOOO 
I I I I I I i i I t 
ooooflOoooor^t**t^t^i** 

ooooo-^-^^^-^ 

I I i I i I I i I I 



216 



0) 

a 

3 
O 
i. 
C5 

(0 
Q> 

U 
0) 

a 



0) 



(0 (0 

■H > 

o ;- 



o 
to 



to 

z 



in 



Of 
20 



a. 
u 



a 



OOOOOOOO OOOOOOOO (DOOOOOOOOO oooooooo 



OOOOOOOO OOOOOOOO (DOOOOOOOOO OOOOOOOO 



Q. 

> 



to 



in 



T3 
0) 

c 



c 
o 
o 



T3 

c 

a 
a 

< 





a 




E o 


(0 


Q) 


L. 


H- 







•V 


-H 


<D 


a 


E 


o 


(0 




L. 


(Q 


(Q 


-¥* 


Q. 


if) 


0) 


,„ 


•— 


O 


a 




E 




(0 




lO 


0) 




■H 




<0 




Q 



00000JCMCS04 OOOiDinu'>ino OOOOOcs'»-'r-^^ inioiniDioioiDip 
cMCMCMCMHfocjco ococncot^^uoipio ricococoniomioioio coconcoiniomio 



Oeo^OOoo^O 

"^ CM >•- CM 



OCM^IOOCMTTIP C>CN^(0OOOCM^IDOO OCM^IOOCM^IP 



ujujujuiujuLiujuj c5C50oaooc5 2:iixixixix aaocaaaaa 

OQQQZZ2Z QQOOZZZZ OQQQQZZZZZ QQQOZZZZ 



OOOOOOOO 
oocococooooooooo 



till 



OOOO"^-^-^"- 
t I I I I I I 



OOOOOOOO 

OOOOGOCOOOa>0000 

I i I i i I t I 
ooa)coooiPU7(i>i9 
OOOO'-'-"'^'^ 



OOOOOOOOOO 

OCiCOOOCOOOOOCOOOOOCD 

I I I t I i I i I t 

COOOOOCOGOIOIOIPIPIO 

OOOOO-^-^*-^"^ 



OOOOOOOO 
oococooooocooooo 
i I I I I I i I 

OOOO'^'^'^'^ 
I I I I I 



• ■ 1 1 I • f I I I • I I I I I I I I I I I I I I i I 



217 



CO 

a 

3 
O 

I. 

\ 

in 

0) 

o 

0) 

a 



0) 
UJ 



+^ > 

o t. 

H- (0 



u 
0) 



z 






CO 



Q. 



O 



Q. 



to 



3 

C 



c 
o 



T3 

c 

a 
a 

< 





Q, 




E U 


0) 




s. 


H 







4-» 


■H 


Q) 


a 


E 


o 


(0 




£. 


(0 


(0 


-4^ 


0. 


in 


0) 


^ 




Q 


a 




E 




(0 




(/i 


0) 



O 



oooooooo oooooooo oooooooooo oooooooo 



oooooooo 



O CM 



CM'^'-eOO)!^ C5C0 t^CM-'-CMin 



oooooooo 



00 



Q. 
X 



0) 



^ 0) (0 r* r* r** t*» 


CO tp 


n n o CO u) 


CM CM -^ 00 CO 0) t^ 


en CO 


t^ cyi -r- CM in 


^ ^ CM 


"- 


^ CM "»" "»- 



ioif>inioo)Tr-^cM 

CMCMCMCMCOCOCOn 



ooonoooo^o 

•«- CM ^ CM 



OQOOZZZZ 



oooooooo 
cooooocooooooooo 
I I I i t I I I 
oooooococococot^ 
OOOO'-'--- 
I I I I I I I I 



OOOflOOOOO 

^COCOCM^COW-r- 



iDOOOOOiniDinio ooom-^inioo) 

COCMCMCMCMCO'^'^'^O *-000)'^0)0)00 



OCM^U>OCM^(0 OCM^(OCOOCM^(DOO 



Ooo^OOootto 

•^ CM -^ CM 



UOCJOOCJOO 

oooozzzz 



oooooooooo LLiaiuiujuJUJLUUJ 

ooooozzzzz oooozzzz 



OOOOOOOO 

00 00 00 00 00 00 00 00 

I i I I i i I 



oooooooooo 

00 00 00 00 00 00 OO 00 00 00 

I t I i I r t i I I 
cococonioiniDif)' cocococonininiO"^^ 

till 



ininintnintniniT) 



t i i I i I I t I « 
toininintnininininin 



OOOOOOOO 
oooooooooooooooo 
I t I I I I I i 



mtninintniotoif) 



218 



tn 
0) 
0) 

UJ 



(0 (0 

4- > 

O L. 

H (0 



(0 

a 

3 
O 

{. 

(0 

u 
a 

10 



u. 



in 

Z 



to 






CL 



o 



oooooooo oooooooooo oooooooo oooooooo 



0)OOOOCOCNOOCM 

■*- ^ h- r^ O to 



W CD n IP '^• 



"^ tP CD O O CO 
in t^ to CO 



OOOOO-^OO 

CM 



> 



s 

tn 



0. 
10 



u 

3 
C 



c 
o 
(J 



T3 

C 
0) 

a 
a 

< 





a 

E u 


(0 


0) 


&. 


h- 


(D 




4i« 


+^ 


0) 


a 


E 


o 


(0 




L. 


(Q 


<0 


4J 


a 


tn 


0) 


^_ 


f-> 


o 


a 




£ 




«j 




lO 


0) 




•4-» 




(Q 




a 



00 00 C>4 CO Ol 

'- t^ r* O 10 



CO (C 0) ID f^ CO 
CO (D ^ If) ^ *- 



U) rt rt 04 O 

<D 0) O O CO 

lO t^ «) CO 



oiiDininoooo 


inininintninininmo 


cMoinOiDioinO 


OOOOiDt^r>*cM 


COCMCSCM^CMCM^ 


C^^^^^ffj^^^^ 


OOO0)CN'<^'^'«- 


(Dinininooocooo 



OCM^tOOCM-^CO OC^^(OOOOCM^(DOO OCM^tOOOI^tD 



OflOrrOOOOTfO 
•^ CM ■»- Ol 



OOOOOOOO iiiixiiiii a a a a a a a oc ^ ^ ^ ^ ^ ^ ^ :» 

QQQOZZZZ QOQOQZZZZZ QQQOZZZZ QQQQZZZZ 



OOOOOOOO 

OOOOOOOOOOCOOOCO 

I I I i 



oooooooooo 

OOOOCOOOOOCOCOCOCOOO 



till 



oooooooo 

OOOOOOOOOOOOCOOO 



oooooooo 

OOOOOOCOCOOOOOOO 



cocococorr^rt^ cococococoTTrrTT'^r^ cocococoinininin cjcoconrrrrTj-tr 



till 



I I t t I i I 



I I I I i I 



iniftinininininin iDininininininininin mininininiriinin inininininiDinin 



219 



to 

UJ 



^ 0) 

<0 CO 

•M > 

O t. 

I- (0 






(0 

a 

3 
O 

1. 

a 

'^ 
0) 

o 
a 



z 









Q. 



o 



a. 






to 






T3 
(» 

3 

C 



C 

o 



T5 

C 

a 
a 

< 



E 
CO 

;. 
<o 



a 

E 
(0 
(/) 



a 

E U 
0) 



a 

Q 






O 



O O O O O O r^ n O O O O O tc « cm oj ^ OOOOOOOO 0*^00 

GO in in 00 o) 0) (0 

•»- CM t^ o 

•»- CM "^ 



OinocDooO^O 
CM in in tn n 



in 

00 



OOO'-flOOOOOO 

CM ■»- 



ooino^t^^o) 

-*- 0) CM C3 CM 



*- -^ ^ CM ^ CO in 



Q. 
X 



X 



(0 

in 



0) 



in (0 0) in 
CM in r^ 00 



in 

00 



^ CO 
CM -^ 



(D CM 



in -^ Tf 0) 
"^ n CO cj 



O 

CM 



0) 



in 

CM 






in 

CM 



o 



ootninoininincM 


r»oooooOQOO>ooooooO) 


''-CMCMOO"^^^'^ 


00)0)00000000 


(pininin^cococo 


J^(P<PU)10^(^COCO^ 


tDCMCM*-'«t'r-'r-^ 


«pinin<x>^cMCMCM 



OCM^tPOCM^tO OCM^(POOOCM^(OflO Oco^OOoo^O OCM-^tOOCM^tP 

•^ CM •'-CM 

OC^OOOUOO OOOOOOOOOD UJUiUJUJUJaiUiUJ OOOOOOOO 

OOOOZZZZ OOOOOZZZZZ ODOOZZZZ oooozzzz 

OOOOOOOO OOOOOOOOOO OOOOOOOO OOOOOOOO 

QOCOOOOOCOOOCOCO COOOQOCOCOOOOOQOOOOO OOCOOOCOCOCOOOQO OOOOOOCOflOOOCOCO 

I I I I I I i i I I I I I I I I I I I I I I I I I I I I I i I I i I 

I I I I I I I I i i I i I I I I i i i I I t I I I I t I i < I I I I 

0(00000(00 (p(X}(0(p(X)OOOOO u;)U)OO(0OOO U)v0O(0OOOO 



220 



0) 
0) 



— 0) 

-H > 

o L. 

H (0 



o 
to 



oooooooooo 

CM 



0000)CMOCOCOO)0 
n •»- CD CM CM O* 



OOr^(0ooinooo 
CM h- '^ O r^ 

CJ 0) CM O 

ro ^ ^ 



OcMf^OOOr*0 
CM CM to 



OOOOOOOO 



OtPOOnOooO 
•^ 0) CM 



OOOOOOtn^ 
in r*. 

CM o 

-r- CM 



COCMh-'T-tortin^ 

cMOino)inno)oo 

'-oocMcoooin'^co 

CO ^ ^ ^ 



(0 

a 

D 
O 

&. 

\ 

(0 
0) 

o 

Q) 

a 

c/> 



z 



in 



(S 



Q. 



o 

-3 



> 



in 



0. 

to 



GO 
C4 



0) 
CM 



O O) Ol 
CM "*- CO 



CM r* 

CM CM 



IP 



0) 

D 

c 



c 
o 
o 



"0 

c 

a 
a 

< 





a 




E O 


0) 


0) 


L. 


K 


0) 




♦* 


•H 


Q) 


a 


g 


Q 


(0 




£- 


<Q 


<0 


<*-» 


Q. 


in 


a> 


^ 




o 


a 




E 




(0 




in 


0) 



(0 
Q 



CO 
CM 



CO 00 
0) CM 



o 

CM 



CO IP CO 

CO o CO 



IPCM"»-^IP''-0)C0 

cNO^oinoooTT 

''- to CM CO 00 ID CO CO 
CO -r- -r- ^ 



r^O)0)0)cM^oococooo 


OOOOOIDCOOOOO 


-^OOOiPVPiPin 


0)t*»t*"CO^O)0)0) 


flO^^^^TTCMCMCMCM 


i^iDinin^rcococM 


incococMCO-^*-^ 


0)0)0)0)^000000 



OCM^lPOOOCM^lPflO OCMTTVPOCMrriP 



IXIIIIIIIX 
OOOOQZZZZZ 



oooooooooo 

00000000000000000000 



I I I I I I 



o o o o o 



oooozzzz 



OOOOOOOO 

OOOOOOOOOOCOOOflO 
I I I I I I I I 



Oco^OOco^O 

•^ CN -^ CM 



oooozzzz 



OOOOOOOO 
oooooooooOooooco 
I ( i I I I I I 



1 i I I I I i I I I 
iPiPiPiPiPlPtPlPiPiP 



I i I I i ( I I 

IPIPIPCPIPIPIPIP 



I I I I I i I I 
(PIPIPIPIPIPIPIP 



OCM^lPOCMniP 
OOOOOOOO 

oooozzzz 



OOOOOOOO 
oooooooooooOoooo 

1(111111 
000000000)0)0)0) 
OOOOOOOO 

I I I i I I I I 



221 



(0 

a 

3 
O 
L. 
C5 
\ 
01 
0) 

o 

0) 

a 



0) 



— 0) 

(0 (0 

•M > 

O t. 

K CO 






00 



0. 



O 












T3 
0) 

3 
C 



C 

o 
o 



u 

c 

a 
a 

< 





a 




E u 


m 


0) 


&. 


H 


0) 




«H 


♦< 


o 


a 


E 


o 


CO 




L, 


(0 


<0 


4^ 


a 


(/) 


0) 


p^ 


^ 


o 


a 




E 




(0 




(/) 


0) 




+* 




(0 




o 



oooooooooo oooooooo oooooooo oooooooooo 



rr '^ "^ ^ CM -^ 



CM(Dh»(0'«-OO(0GOOOO 
CM "^ "^ l« to CM CM 



0. 
X 



CM 



0. 
X 



CO 



00 
CM 



t^ in u) 



If) 
in 



CM 



in 



CO 



O 

in 



cM(ooo(0incMin^^oo 

Tr-^-cMf^inntpojcM^ 

cntprocMOcococM^ 



cMooooooininooOin 
oooooooooooococor^ 



in CM in CM in CM cm 

"^ -^ 0) CM f^ O) o 
^ ^ CD to ^ 



inooinr^intno 
ooininooooooo(o 



incMin^ooooin 

(ont^(0'^"^inc*) 

O -^ ^ in to CO <^ 

CM '^ 



cM-^-cMOOinino 



000000)0)0) 

CMCMCMCMCM'^'^'^ 



Q 



CMVDt^tPinCO«)TtOO 

intDCMOCMt^intpt^ 
CM -^ -^ in in CM *- 



^OOOOinininino 

0)0)0)0)0)0)0)0)0)0) 



OCM^iPOOOCM'Q'lDOO 

OOOOOOOOOO 

ooooozzzzz 



OOOOOOOOOO 
oocooooooooooooooooo 
I I I I i I I I I I 
00000000000)0)0)0)0) 

oooooooooo 

t I I I I i I I I I 



OflO'^OOconO 

"»- CM "^ CM 



UJUJUJUJUJUJUJUI 

OOOOZZZZ 



OOOOOOOO 

QOCOOOOOOOOOOOOO 

I I I I I I I I 

000000000)000000 
OOOOOOOO 
I I I I I I I i 



OCM-^tOOCM^tO OCM^tOOOOCM'9'VDOO 



oooooooo 

OOOOZZZZ 



oooooooo 

OOOOOOOOOOOOOOOO 
i I I I I I I t 
OOOOOOOOOOOOOOOO 
oooooooo 



I I I I 



I 



f^h'f^^r^h-t^t^h- 



XIIIIIIIIZ 

ooooozzzzz 
oooooooooo 

OOOOCOOOOOGOOOOOOOOO 

I I I I I I i I I I 

00000000000000000000 

oooooooooo 

I I I I I I i I i I 



222 



0) 



^ 0) 

(0 o 

•H > 

O £- 



u 
io 



m 
a 

D 
O 

o 

•V. 

n 

0) 

o 
Q) 

a 
to 



z 



to 



03 



Q. 

o 



o 



OOOOcMO'tO 
0) 0) O) 
Oi O (0 

0) in 



"^O)inr^t0"^cno 

O*V0)CM'«T'^CNin 

(NCM'«rcno)Ocoo) 

CM "^ "^ "^ « 



oooooooo oooooooo oooooooooo 



O'^noocMrfOtP 
to CD ^ in If) in rr 

CO ^ 00 CO CM rr 



O^COCMOtP'^O) 

coincM'^toin'^co 



h^OootpmoocDOOO 

^ in 



> 



0. 

t/o 



T3 
0) 

D 
C 



C 

o 



c 

a 
a 

< 





CL 




E O 


(0 




c 


K- 







4^ 


-♦i* 





a 


E 


o 


to 




£. 


(0 


(0 


-<-» 


0. 


(/) 


Q> 


^_ 


r-> 


o 


a 




E 




(0 




t/) 


0) 




-^ 




(0 




o 



CO 



O 



0) 
CO 



CO 



(£> 


^ <^ ^ tp 


CO 


in CO CO CO 




u> 



CM 
CM 



00 00 00 

to (p n 



CO 



to 

CO 



^cj)'^intocj)'^oi 

cMCMrrcoo)0)i**o) 
CM •»-•»- ^ -^ 



in CO CO ^ CO o O 


O 'T 50 CM O to "^ 


h" 


00 to CO 00 to 


o 


CM 0) -^r to CM 00 "^ 


CO 10 or rr to in ^ 


^ 


CM n -^ ^ CO 


t^ 


CO ^ ^ CO ^ Tf 


Ol ^ 




'>' in 





t>^OOOinintnin 
cj)cn(7>o>cj)ooflooo 



toooooooo 
oototO'^-cnooooto 



oitNoiooininflo Oinininininininino 



cMtDOconoocof^ 

CMCNCM'^CM'^''^"^ 



coiototon^ncoco'"* 



OCM'^tOOCM^tO 



oooooooo 
oooooooooooooooo 
i t « I t i I I 
000000000)0)0)0 
oooooooo 

I t I I 



OflO^OOcO'^O 

"-CM ■•- Ol 



oooozz zz 



oooooooo 

oooooooooooooooo 
I I I I I I I I 

OOOOOOOOOOOOOOOO' 

oooooooo 



O<N^tDOOI^t0 OCM^tOGOOCJ^rtOOO 



<J* C^ O O U O O <J 
OCI^OOZZZZ 



0C5 000000 
oocooooooooooooo 
I I I I I 



oooooooooo 
ooooozzzzz 



oooooooooo 

OOOOOOOOdOOOOOOOOOOO 

I I I i I 



^*^*^»^»^«'^*^*^. t»*h'h»t^r*'r^i'^f^ 



CMCMOICNCMCMCMCM OICMCMCNCNCMCMCMCMCM 

ill! I I I I I I t I I I 

00000000000000000000 



OOOOOOOOOOOOOOOO 



223 



(0 

a 

3 
O 



10 
0) 

u 

0) 

a 
to 



en 

Hi 



^ 0) 

<Q (0 

•H > 

O £. 

K (0 



O 

03 



z 



c/) 



00 









> 



0. 



T3 
0) 

C 



C 

o 



X 

c 

0) 

a 
a 

< 





Q^ 




E O 


V) 




c 


1- 


Q) 




'f' 


♦^ 


Q) 


a 


E 


o 


CO 




J- 


a 


(0 


-M 


Q. 


c/) 


0) 


^ 




O 


a 




E 




(0 




t/> 


0) 



<0 

o 



oooooooo oooooooo oooooooooo oooooooo 



(00000)000 



Q-^CMinOlOCNO 

^ 0) 'Q' CO o* CN n 

CM 



O0)O"^O^CMCMOO 

t- f (O t*^ CO 



cncoeooojco-r-o 
^ O t^ CO w n '^ 



CM 
CO 



0) 


0) -^ CM 10 0) 10 


o> . 


^ 


^ CM CM 


CO 


^ en ^ (0 CM CM 

CM 






CD t^ CO 



cn CO CO o 0) CO ■»- 
TT o r*- CO CD CO ^ 

<»- <^ ^ "^ CO 



to O O CM to to lO to CD CD (O (7) (P O O CD O tO tO lO O O tO tO tO O lO O O O tO O O tO 



CMO)0)t^CMCMCMCO 
CM "^ -^ CM CM CM 



OOO^OOOO^O 
"^ CM -^ CM 



COCMCMOCMCMCMIO 
CNCMCMCMCMCMCM"^ 



cor*i^i**tocococococo 

CM^'^'^^CM^^'*"^ 



CMCMCMOCMCMCM-^ 
CMCMCMCMCMCMCM'- 



OCM^CDOCM^iD OCM^tOOOOCM^CDOO OCM^CDOCM^CP 



LUUJUJiiJUJUJLiJUJ OCSOOCOCSO 

oooozzzz oooozzzz 



oooooooo 

oooooooococooooo 



oooooooo 

OOCOOOQOOOCOCOCO 

I I I I i I 



XIIIIIXIII 
OQQOOZZZZZ 



OOOOOOOOOO 

OOOOOQCOCOOOOOOOOOCO 



OOOOZZZZ 



oooooooo 

oocooooooooocooo 
I t I I I 



CMCMCMCMCOCOCOCO CMCMCMCMCOCOCOCO CMCMCMCMCMCOCOCOCOfO CMCMCMCMCMCMCMCM 



I I I I I 



I I I 1 t I I 



Qooooooooocococo cooooooooooocooo cooooococooococoooGO eocooocococooooo 



224 



0) 

a 

O 

c 
o 
^^ 

tn 
0) 

o 

0) 

a 
en 






(0 CO 

•H > 

O £- 

H- (0 



U 
(0 



z 



c/) 






a. 
(J 



a 



oooooooo oooooooo oooooooooo oooooooo 



OOOOOCOOO 

OJ CO 



oooooooo 

CO 



OOOOOt^O^OCO 

0) CM C>< 



oooooooo 



a. 



0. 
CO 



T3 
0) 

c 



c 
o 
u 



T3 

c 

a 
a 

< 



(0 
0) 

4> 

0) 

E 
(0 

CO 
0. 



a 

E 
(0 
to 



a 

E O 
0) 



a 
o 



CO 



(0 

o 



0) CO 
CM CO 



O 
CO 



0) 



CM 



CO 
CM 



oo^^coinininiD inoo^-^OOO 



CM'^-'-f^CMOlCMCO 
CM CN CM CM CM CM 



OOO^OOCO^O 

-^ CM -r- CM 



oooozzzz 



OOOOOOOO 

OOCSCOQOCOCOGOOO 

I i t i I t I I 

CMCMCMCMCOCOCOCO 



OtDtDCO-^OOO 
^-^t-^CMCMCN"^ 



inu:^inifiO'^OOOcM 



inooco(ncMu>(oco 



'^*-0)'-OOO!^ 

CM CM CM CM 



OCM^CDOCM'^CP OCM^(O00OCM^U>00 

OOOOOCJCJO OCiOQOQQOQQ 
OOOOZZZZ OCIiOOOZZZZZ 



OOOOOOOO 
cooococooocoooco 
I I I i I i I I 
OOOO0)0)<J)CJ) 

-r-'.-^^OOOO 

I I I i i I t 



OOOOOOOOOO 
00 03 00COQOCOCOOOCOOO 
I I t t I I I t I f 
0000)0)010)0) 
•^'-'-'^'-OOOOO 



r*>(0(&incMininin 

1- CM <<- ^ 



OoorroOoo^O 

-^ CM -^ CM 



UJUJUJUJUJUJUJUJ 

OOOOZZZZ 



OOOOOOOO 

OOOOOOGOOOOOOOOO 

I I I I I I i I 
00000)0)0000 

-^•r-^^OOOO 

till 



OOOOOOCOOOQOOOOO 0)CJ)O)O)0)0)CJ)O)O)O)O)O)0)O)O)O)0)O) 0)0)0)0)0)0)0)CJ) 



225 



m 
a 

D 
O 
L. 
C3 



O 

a 

t/i 



Vi 
Oi 

UJ 



— 0) 

(0 (0 

•H > 

O (. 

»- (0 



z 



in 



CD 






o 






to 



T3 

3 
C 



c 
o 



c 
® 
a 
a 

< 





Q^ 




E O 


(0 




t. 


K 


0) 




•H 


4^ 


Q) 


a 


E 


o 


<0 




s. 


« 


<0 


•H 


a 


(/> 


0) 


^. 




o 


a 




E 




(0 




«/) 


0) 



<0 

o 



oooooooo oooooooooo oooooooo oooooooo 



cM000r«-^00 

CO CM CN 



OWOOOCOOOOO 

^ CM 



o^oooono 

■^ CM 



oooooooo 



CM 
CO 



CM CM 



00 
CM 



CM 



0)r**t*^OtPOOio in'^"^'^0'^f^t*»t**cM oiniD'^'^OO'^ lo-^-r-ocMiDtocD 



incow^OOOO) 

•^ t- •«- ^ CM CM CM 



rrO)O)O)00'^lPtDtPf^ 



Ocooo^-^OO-^ 

CM'<-<*-'«-CMCMCM^ 



O CM ^ to O CM ^ <fi O CM ^ to CO O CM ^ (0 00 O CM ^ (0 O CM TT tO 



oooozzzz 



OOOOOOOO 

QOCOQOOOOOOOOOOO 

I i i I I I I i 
OOOOoooooooo 
^^^^OOOO 
I I t I 



IIXXIIXIII 

ooooozzzzz 



OOOOOOOOOO 

COOOQOOOCOOOOOOOQOOO 

i i I t I I I i I I 

OOOOOOOQOOOOOQO 

^^^^^QOOOO 
I I I I 



oooozzzz 



OOOOOOOO 

OOOOOOQOOOOOOOOO 



00000^0)0)0) 

^^^^oooo 



O'^'^tpcMOOm 

•r- -i- f- CM CM CM 



OoottOOoo^O 

■^ CM ■'-CM 



oooozzzz 



oooooooo 
coooooooooooooco 
i I I I I I I I 
OOOOoooooooo 
^^^^QOOO 
I I I I I 



0)0)0)0)0)0)0)0) (n(T)0)(jia(naGi(jiCfi o)0)0)0)0)0)0)0) ooiOifntnoiOiGi 



226 



(0 








3 




• . 






0) c 




c 









0) 


LL 






a 




-H 







0) 


<0 






0) 


•H 


W 


■D in 


w 


Q) 


c 






■0 


(0 




II 



U 


/—S 


▼- 


(T3 




u. 


CO 


♦^ 


U) 




0) (/) 


0) 










OQ 




• • 







>. 


■♦-• 


Q) 


» 


c 


£. 


a 


< 


fl3 


0) W 


>^^ 


0) 


•f- 








c 





r 


r 




-H 


u 


o 


II 




(0 






O) 


0) z z 


c 


n 










0) 


. 


5 


■M 


J!t 


> c 


(0 


<0 


(TJ 







-J T3 


a 


T3 






w 





C 


II 


0) 


"H 


£- 




^ 


u 


(U Q 


L. 





•H 









W 


. 


o 


r— 


flj "D 




o 


0) 





(0 


u 


r 




<u 




•M 


t. 




0) 


3 


Q) 





CO 





a <D 


> 


w 




a 


t. 




(» 


W 


(0 


- 


2 




r— 


en 




£- 




(0 -0 


O 


X3 


(1) 




u- 


C 




II 


CN 


en 


>Q 


0) 


0)T3 






0) 3 




S 


Q) 


■M 


L. 


(0 




W 


flj 


H- 


r 




0) 




(n 


■M 


> 


Q) 




c 




(U 


M- 


(Q 


• 


t/) 




^-. 


> 




t. 


Q. 


(0 









"0 




<f- 


^ 




3 







. 





>— V 





jC 


v 


n 


<J 


-H 




E 




c 


0) 




c 








O 




E 


(0 


O 






«4- 


o 


(0 


II 


£- 




c 




D 


\ 





0) 


Hi 






+-• 







-M 


(0 


It 


c 


«J Q 




>w 


•M 




O 




(0 






w 






. 


0) 


/— V 


tf) 


0) 




a 


c 


L 


+-• 







0) 








V 


W 36 


4-» 





c 




«3 


E 


0) 


<■ 







O UJ 





C 






^~ 


*'• 




X 


c r 


lO 







+-» 




> 




a 


X C3 


+-» 


0) 






rtj 


T3 


"5 


. 


•♦-• 




C Q 


(0 


II 


0) 








a 


. 


i- 


+^ 


ao 





a 


< 


>-^ 


H- Q 



(0 

a 

3 
O 
L. 
(3 
"^ 
(/) 
(U 

O 
0) 

a 



en 

01 

UJ 



+- > 

O £. 
K (0 



z 



to 
t/i 



QQ 



Q. 



O 



I/) 



0. 
{A 





a 




£ u 


to 


o 


L. 


H 


0) 




•H 


•M 


0) 


a 


£ 


Q 


C9 




e 


(0 


(0 


■H 


Q. 


CO 


0) 


,>. 




a 


a 




E 




(0 




(/) 


Q) 



Q 



O O O O 



O ;o o in 

rr CM 
CM -^ 



oooc:> oooo oooo oooo 



oooo oooo oooo OOOc^ 

CM 



i^ o o o 

CO 



n IP o to 

r5 00 ^ 

CO in CO 

O I-- 

CM CM 



ininoo "^(pcnco 
CM CM "^ CO to o 

CM •*- 



to 
o 



CO 



in in 

CN CM 



to 
O 



in in "^ rr 

OOOO) 



in in o O 

0)0) 



to to to to 
oooo 



to to to to 
oooo 



to to to to 
oooo 



•^ "^ -^ TT 



•^ ^ TT ^ 



"^ -^ ^ ^ 



0) r^ 

CM O 

CM CO 



X X 



-^ 


CO 


0) 


00 


Tt 


CM 


^ 


O 


CN 


CN 


<F- 








CM 


^" 


t^ 


0) 


r^ 




to CM O 




CO 


Ol 


CO 





rrrtTtr;r focooo ooocinin rr^coco ooinin 
OOOTO) 0)0) oocoo)0) o)0)ooco O)oot*»r^ 



OOOO OOOO OOOO OOOO OOOO OOOO oooo 

<<<< OQQQCQQQ U.U.U.U. <<<< QQGQCDQO U.U.U.U. <<<< 

QQZZ QQZZ QQZ2: QQZZ QQZZ QQZZ QQZZ 

COCOOOCO OOCOCOCO OOCOOOCC) COOOCOCO OOCOCOCO OOCOGOOO cocoooco 



CO 03 O) O) 

oooo 



inininin intninin 



227 



(0 



(0 <0 

•H > 

O £- 
K (0 


CM O CO Tf 

CO 0) in 

CO 0) 0) 


O OO O 


rr O CM ^ 
O CO Tt 

^ CN to 
CO -^ 


to 








CM 

o 

C^ 


ID CO 
-- ID 
•^ CO 


z 








a. 

X 


X at 



Q. 
O 

o 

(A 

0) 

U 
0) 

a 



0^ 



Z 



to 
tn 



OQ 






Q 



O OO o 



Oi^ o o 



CO o in CO 
^ ^ in 
O -^ n 



CO o n 0) 
CO n (fl 



O t^ O O 



OOOO OOOO 



Ocointn -^^(Doo '^cm-^*^ C7)coOco 

Oincx cMincD^ eoinrj-rr O^toO 

cooo CNCOO)CM 0)cnu>'<t cooi^t*- 

•^ CM 04'*--^*- 



"^ 00 

in CO 

-r- CO 



UO CL 
LU X 



O 



X 






a 


<^ 


CO ^ 


i/) 


0) 


0) in 




■^ 


0) 0) 



T3 

D 
C 



C 
O 

o 



T3 

C 
0) 

a 
a 

< 



CO 

L. 
0) 
4J 
Q) 

E 
(0 

L. 
(Q 



a 

E 
(0 
t/) 



a 
£ u 

Q) 



a 
o 



(0 

o 



in in o O 

I^ t* 00 00 



in in o O 

00 CO CO CO 



CO o 



O CO 00 

CM CO in 



in in CM CM 



rr ^ Tj- ^ 
CM Ol CM C^ 



IP -^ 
eg CO 
in "- 



CO CO CO 

o t** t^ 
CO CO -^ 



^ ^ ^ ^ 

CM CM CM CM 



CM CM 



^ -^ O '^ 
CM in n CM 

CM CO -^ -r- 



o o o o 



CO CO ^ rr 

CM CM CM CM 



CO -^ 

00 CO 

CO 0) 



^ CM CO O 

CO in in 00 

0) C3) CN rr 

CM ^ 



^ in CO CO 

CM CM CM CM 



in o 
CO in 



0) (O in CO 

O rt -r- ^ 

n CM -r- ^ 



CO CO CM CM 
CM CM CM CM 



OOOO OOOO OOOO OOOO OOOO OOOO OOOO 



OQ 00 OQ QQ 
Q O Z Z 



Q O Z Z 



< < < < 

Q Q Z Z 



00 CQ QQ OQ 
O Q Z Z 



O O Z Z 



< < < < 
O O Z Z 



00000000 00000000 OOCOOOOO oooococo cocoooco coooooco 



CO CO 00 00 

OOOO 



00 00 CO 00 

OOOO 



CO 00 O) 0) 

OOOO 



till 

00 CO CO CO 

OOOO 



CO 00 00 CO 

OOOO 



OOOO 



lilt 



QQ 00 QQ 03 
Q Q Z Z 



00 CO CO CO 

tilt 
OOOO 

lilt 



cocotoiD ipcocoio h»t^r*»r^ r^t^t^r^ t^-t^t^t^ oooococo coooooco 



228 



(0 

a 

D 


o 



o 

Q) 

a 
in 



0) 

D 
C 



C 

o 
o 



c 

0) 

a 
a 

< 



10 

L. 
0) 

•H 

E 

(0 
Q. 



a 

E 
(0 



(0 



,. 


0) 


(0 


(0 


•H 


> 





L. 


K 


(0 




^ 




o 




M 



to 

z 



to 



OQ 






o 



Gl 

>• 



to 



Q. 

to 



a 
E o 

0) 



a 
a 



to 



o 



O O O O 



oooo oooo oooo oooo oooo oooo 



Oinooo eoOOO -^^Oto OOcoO 
cococNCO incN — rj n 0)"rg 



OOOO OOOO OOOO 



O oj 

00 C3) 
CM CN 



O in O CD 

CO CO rr rr 
CO CM "- "- 



00 O 

in CN 

CM -r- 



'-co n 

0) I^ "^ 



(P O 
'- o 



ininoo OOcMCM oooot^r^ i^i^^t^- coooinin ocninin cocooo 

n n n n cmcmoo ^^^^ OOOO coconco hcocncm connri 

CMCMCMCM CMCMOICM CMCNCMCM CMCMCMCI ^ ^ ^ J. Xl H ^ ^ i^^J-^ 

OOOO oooo OOOO OOOO OOOO OOOO OOOO 

U.U.U.U- <<<< Q3CQOQI3Q U.U-li.U., <<<< OQOQCDaD U-U.U_lJ- 

QQZZ QQZZ QQZZ QQZZ; QQZZ O O 21 Z OQZZ 

00000000 OOCOCOOO 00000000 COOOCOOOi 00000000 00000000 oooomS 

'••' IJII llil ilil lilt till tttt 

oooo tnininin inininin inininin cmoicmcn cmcmcmcm cmcmcmcm 

••'' iiii till iiii iiii iTTT TTTT 

oooocooo 0)0^0)0) 0)0)0)0) 0)0)0)05 OOOO OOOO oooo 



229 



Vi 

a 

3 
O 



0) 

o 

0) 

a 



T3 
0) 

C 



c 
o 
u 



"0 

c 

a 
a 

< 



£- 
0) 

•H 

Q) 
E 
(0 

a 



a 

E 



w 

LXJ 



,. 


0) 


(0 


(0 


V 


> 





L. 


K 


(Q 




-J 




O 




W 



z 



c/) 
to 



00 












Q. 
to 



a 
E a 

(D 



o 



(0 



(0 
Q 



oooo oooo oooo oooooooo oooooooooo 



oooo oooo oooo oooooooo oooooooooo 



in in CO GO 
t^ t^ t^ t^ 



f^ e^ CO 00 
00 CO t^ t^ 



in in in in 

0) 0) 00 00 



OOOOOOCMCMO 



r-*t^t^r^coOinininO 
ip(DtototDoot^r^r^>- 



OOOO OOOO OOOO OCM^COOCM'^tD OCN^CPCOOCN'^tiDOO 



< < < < 

Q Q Z Z 



CO 03 00 03 
O Q Z Z 



O O Z Z 



OOOOOOOO 

oooozzzz 



OOOQOQOOOQ 

ooooozzzzz 



oooooooo oooooooo oooooooo OOOOCOOOOOOOCOOO 00000000000000000000 



i I t I 

oooo 



oooo 
oooo 



III! 

oooo 
oooo 



I I t I I I i 
ooooooooininmtn 
OOOO"^'^'^'^ 
I I I t I I I I 



I I I I 
oooooooocoininininin 
OOOOO'-'^'-"^-^ 
I i I I I I I I i I 



230 



a 

D 
O 



(A 

o 
u 

0) 

a 
I/) 



TS 
Qi 

D 
C 



C 

o 
u 



T3 

C 
0) 

a 
a 

< 



(0 

05 

Ui 



(C 


(0 


4-» 


> 





L. 


1- 


(0 




-J 









(0 



Z 



to 
in 



CQ 






a 



10 



to 





Q 






E 


CJ 


(/) 


0) 




IL 


h- 




0) 






+-• 




V 


0) 




Q. 


E 




O 


(Q 






£. 




<D 


to 




•H 


Q. 




I/) 


0} 




^_ 






o 


a 






E 






to 






t/1 




■*-» 
(0 
Q 



oooooooo oooooooo ooooooooon oooooooo 

CO 



ooooonoo OOOOOOOO oooi^oooooo oooooooo 



n 

CM 






Ooo^OOco^O 

•^ CM -r- CM 



LUUJUJUiUJLLiUiUJ 

QQQQZZZZ 



OOOOtP^^O) tf5inif)inincp000r*- OOOOt^r^r*-in 

i^t**r*r^t^r*t^tp tfitptDiDUJt^f^t^i^tp r^t^r^t^oooo 

OOirfiOQcirtiD OCM^tDOOOCNTTtDCO OCMrtiPOCMrrcD 

ooooooocj iixixixiii aaaaaoraa 

QQQQZZZZ QQQQQZZZZZ QQQQZZZZ 



cooocooococooooo cooocoeoopcococo cpispcpeococococooooo «««»»««« 

cocooocoinininiX) 
OOOO'--^-'- 
i I i I I I ( I 



I i i I I t 
coooooooinioinin 
OOOO^'^"-'- 
I r I I I 



I I I I I t 

OOCOOOOOU>(0(i}U} 

OOOO-'^-'-'r. 
i i I t I I I I 



Tr^rr^rfTfrrrr '^rrrtTrTj-Tyrj-Tr 



oomooooojipcococpcD 
OOOOO'^^'^'^'^ 
I I I I I I I I 



231 






-H > 



oooooooo oooooooo oooooooooo oooooooo 



(0 

a 
o 

C5 



o 

0) 

a 

CO 



X3 
0) 

c 



c 
o 



13 

c 

a 
a 

< 



0) 

Q) 

E 
(0 

(. 

(0 

a. 



a 

E 



z 









Q. 

o 



a 



a 

> 






a 

E O 
0) 



a 
o 



I/) 



Q 



OOOOOOOh^ 

CM 



r^ooo)cO'»-a)ooo 
"^ n CO rr 00 CM 0) 



coOO^tOOOOOU) 

•^ If) CM CO iD 



OOOOinoOcD 



I** 

CM 



CM 



to 

CM 



t^ 00 O) CO 'it" 0) 00 

'- n CO Tj" in oi 0) 



CM 



rt CD 

m CM 



(0 
(X) 



cocococNr^h'r^t** 



Ooo'^OOoo'1-O 

■^ CM "^ CM 



OQQQZZZZ 



inininintcinino 

O)000000000000f^ 



C3) 
CO 



•^t«*t^t^CM!^t^t^f^r*» 

Or^r*r^r^cot^t^r-'r* 



Ocg^lDOCM-^tP OCM'srtOOOOCM^CDOO 



uoooDUua 

QQQQZZZZ 



OOOOOQOOOD 
QQQQQZZZZZ 



OOOinin-^-'-in 
O)0)0)cooooooot^ 



Ooo'^OOco'^O 

"^ CM ■•-CM 



LUUJUJUJUJLUUJUJ 
QQQQZZZZ 



I I I I I 



I I I I i 



OOOOOOOOOOOOOOOO QOOOOOCOOOOOOOOO OOOOOOOOCOOOOOOOCOOO 0000000000000000 
I I I I I I i I 
OOOOOOQO(£CPC0U> 

I i I i i I i I 



COCOCOCDCMCMCMCO COCOCOCOCOCMCMCMCMCM COCOCOCOCMCMCMCM 



I I I I 



I I I i I t 



t i I I I 



inininininininin inininininininininm ininwioinininin 



232 



a 

D 
O 

o 

(n 
0) 

o 

0) 

a 



0) 



c 
o 
a 



13 

c 
a 

Q. 

< 



(A 

1. 
0) 

■H 



E 
(0 
L 
(0 
0. 



a 

E 






r-. 


(U 


(0 


(0 


-H 


> 





t- 


K 


<0 




-J 




u 




w 



z 



in 



CD 






Q 









0. 



a 
E u 

0) 



a 
o 






(0 

o 



oooooooo oooooooooo oooooooo oooooooo 



OOOO'^'OOr^ 



OOOOr^r^inooOO) 

04 C^ CM CO r) ^ 



inOOO"*Tio-*-co 

1^ ^ O) CD CD to 
^ CO 



OOOOOOCMO 
ID 



o 

C4 



ID 



CO 



in 00 

CO CO 



0) 

T3- 



in 



O 






O) 
CO 



^ Tf CM 00 

O) CN CN (D 

•^ CO 



CM 
(D 



CM 
CP 



in^-Lnooo^ rt oooocirt rt^ rr ooooococ^cMO inooinooocoin 
OO) <ji oo) o)(j) w o<J)C7)CJ5Cj)aiodcococo -ooooooocoeo oio) en oocot-^i-.V 

OCNrriDOOIrry) OCMrrtOCOOCMTtCDOO OCNTTtOOCNtrU) OCOTtOOCOrrO 

^ C^ -r- CM 

C5CJCJCJC50CJO lixiiiixii a a a a a oc a a 3 ^ ^ b ^ ^ :^ ^ 

QQQOZZZZ QOQOQZZZZZ QQQQZZZZ QQQQZZZZ 



OOOOOOOOOOGOOOCO 



I i I 



i I 



COCOCOCOCMCMCMCM 



00000000000000000000 

> I i i I I I I I t 

COnCOrOCOCMCMCMCMCM 
I I I I i I I 



oocooooooooocooo 

I I I I i I I t 

coconcococococo 



oooooooooooooooo 
I I I I I I i I 

COCOCOCOCMCMCMCM 



I m in in in in u) m u, m in in in in in in Ji i li m i i i i i J, i J> m m m J, J, j, J, 



233 



to 
a 

3 
O 

L. 

(0 
0) 

o 

Q) 

a 
in 



T3 
(1> 

3 
C 



C 

o 



"0 

c 

0) 

a 
a 






r-> 


0) 


(0 


(0 


•4-* 


> 





(. 


>- 


(0 




-I 




d 




(n 



C/) 

Z 



to 
to 






Q. 

CJ 



o 



oooooooo oooooooooo 



> 






0. 

to 





a 




E o 


(0 


0) 


i. 


h- 


Q) 




•H 


4J 


0) 


a 


E 


a 


flJ 




£- 


(0 


(Q 


•H 


a 


t/> 


Q) 


,». 


f— 


o 


a 




E 




(0 




t/1 


0) 



O 



'^"-fococNtoino 
^ in '- 



OOOOOOnoinn 



CM 



OOOOOOOO 
in 



OOOOr-O-^O 



OOOOO^f^O 

CM tD 

in 



'^roo^O^Oino) 
CO Tf CM ^ m t*- to 



o 

D 



CM 
CM 



a. 



in 

CM 



CM 



to 



CM . 



in 

CM 



in 



o ^ o 

to '^ o 



t^ O) -^ rr CM 
f- ^ (O to 0) 



o 



CM 



CM 
CM 



(O 



in in 

CM CM 



CO 



in 

CM 



CO CM 



in CO 

CM CM 



ooootototoo 


OOOOOCOCMOOOOtO 


incMCMinoioinin 


inooocototocM 


oooocooocot^r-r*« 


oor^r^r-r-0)t^r^r*.to 


totototocototoin 


oocooooototototo 



OCMTftOOCMTj-tO OCM-^tOOOOCM-^tOOO 



OOOUOUOO 
QOQOZZZZ 



OOOOOOOOOO 

ooooozzzzz 



OoO-^OOoOrrO 
-^ CM '-CM 



UJLUUJUJLUUJUJLU 

OOOQZZZZ 



OCM^tOOCM^tO 
OOOOOOOO 

oooozzzz 



OOOOOOOOOOOOCOOO OOCOCOCOOOGOGOCOOOCO oocooooococooooo 



0)0)0)0)0000 
OOOO'^'-'-''- 

i i t t I t t 



0)0)0)0)0)00000 
OOOOO'^'^-^'-''- 
I I I I I I 



I I I I I I I 
0)0)0)0)0"^'"'' 

oooo-^-^^-^ 



totototptotototo (ototo(otototO(0(oto totototptotototo 



cooocooooooooooo 
t I I f I I I t 
0)0)0)0)*"'-'^'- 
OOOO'-'---'^ 
I I I I i t I i 
totototoiocototo 



234 



w 

a 

O 

\ 

(0 
0) 

u 

0) 

a 

1/5 



0) 

c 



c 
o 
o 



c 

0) 

a 
a 

< 



CO 

L. 
Q) 

■H 
0) 

E 
(Q 
L. 
(0 
Ql 



a 

E 
CO 



0) 



- 0) 

•^ > 

O t- 

K CO 



U 
(0 



CO 

z 



CO 
CO 



00 






Q 



Q. 



CO 



CL 

to 



a 

E u 




a 
o 



(0 
CO 



(0 

o 



oooooooooo 



0000"^Otf5'3- 
CO O) n 



OOOOOOOCO 
CD 
O 

CM 



oooooooo 



CN 






?i?t^^°tg^^° 2SS1I??SS° 020)oo:joo oot^ooocMo 

CN -^ -r- n O O) 

CN CO 



(0 

CO 



X 



Q. 
X 



CL CL 
X X 



CM 



CD 05 
CO '- 



CO 

n 



O CN O 
CN "^ TT 



<D CO LTI t^ 

^ CO CM CM 



CD 
CD 



CJ) 0) 

-^ in 



-J 


CO 


O CD 


in o in 


c>i rt o ^ 00 CO 


< 




CM CO 


^ ^ CO 


CO Tf in ^ CO -^ 
n o 0) 

Oi 00 



0) CM 
CO 



OininincMOcooowin OOOOtnoooooo inoooooocD ooinincDinooo 

2^C^C^D:2iE^^^ oocncnoor-h^tD t^iDCDoVcDcDCD 6inin'«tmWW{o 

^"^ ^^^^^^^^ ^^^ ^^^ CM'^'»-'p-'^'»-'»-i- 

O CM rf y) ca OCM rf CD CO O CM rj- <p Q CM '^ ID O 00 ^ O O CO ^ O O CM rj- cp Q CM -^ CD 

"^ CM ^ CM 

llililiiii aaaaaaaa ^ 3 ^ ^ 3 is 3 :» u (j o o cj u o u 

QQQQQZZZZZ QQQQZZZZ QQQQZZZZ QQQQZZZZ 

op « CO© op ©op cpooflo SooSaooS®© ©©©S«ffl«S SSSSSSS© 

?????T7T77 ???????? ???S^t^^ ^5558§^§ 

«) 10 (O U) «> W (D (0 W (O (O « (0 U) 10 10 ID ID UJ U) U) CO i i i i ^ |i. A ti. A ^ ri. [i. 



235 



(0 
0) 



p— 


(U 


(0 


(0 


4^ 


> 





L. 


K 


(0 




-1 









CO 



(0 

a 

O 

L. 
(3 
\ 
to 

0) 

o 

0) 

a 
to 



I/) 

z 



to 



Of 
CO 



Q. 






oooooooooo oooooooo oooooooo oooooooooo 



OOOOOOOO^CD 
r*- 0) ^ in 

CO ^ 



oooooooo 



O^OOOO^CM 

w CM 



OOOOOOOOOO 
in (p 



> 






0. 

to 



C 



C 

o 



c 

0) 

a 
a 

< 



(0 

L. 
Q) 
+j 
0) 

E 
10 
L. 
(0 



a 

E 
(0 
in 



a 

E (J 

(1) 



O 



(0 
CO 



Q 



o 


o 


'^ to 


t*- 


0) 


^ in 

tD ^ 



Tt CM 


o 


O 


t^ TT 


in 


CD 


•r- CM 







OOOOin^rooocN OOOO^ininin Oininr^ininino incocoooinojOOOtD 

C5r«-r^f^cMOinininco 



nooooooc^oininincM 



'^ininin-^^'ii't^ 

CM Oi -r- 'T- 



CM'^'^-'-CM'^'^'^ 



OCM^tDOOOCN^lOOO 
OQOOOOOOQO 

ooooozzzzz 



OcO'TOOoorrO 

•»- CM -r- CM 



I UJ Ui UJ UJ tu 



OQQOZZZZ 



OCM^tDOCM^tD OCM^tOOOOCM^tOOO 



C5C5C5C500C50 
aOQQZZZZ 



IXIXXIIXII 
QQQQQZZZZZ 



OOOOOOCOCOOOCOOOCOOO OOOOCOOOCOCOOOOO OOCOGOCOCOGOOOCO COOOCOCOOOCOGOCOOOCO 



till 



I I I I 



r^f^r^t^r^tDiotDtoto 
OOOOOOOOOO 
i I I I I I I I I I 



OOOOOOOO 
I I I i I i I I 



I 



I 



I 



OOOOOOOO 
I I I I I I I I 



OOOOOOOOOO 
I I I I I I I i I I 



236 



(0 

a 

3 


L 
(3 

(0 
Q) 

O 
Q) 

a 



T5 

3 
C 



C 
O 

o 



T3 

C 
0) 

a 
a 

< 



(0 

Q) 
+^ 
0) 
E 
(0 

to 
a. 



a 

E 
I/) 



in 

Ui 



(0 (0 
■H > 

O J- 



to 
Z 



to 
to 



CO 



Q. 



O 
-3 









in 






a 
£ u 

0) 



a 

o 



(0 



CO 

Q 



OOOOOOOU) 



OCOOOOOOO 



OOOOOOOO C5 0000000 oooooooooo 



OOOOrroOO 



O'^t^Ot^tC'^ Tr(DCMCMOCnCN00C0CM 



CD 't 

O -^ 



a, 

X 



to rr 

"- in 






CO o 



(0 



O "^ -^ O CO ID 00 
D 00 00 CO ID CN h* 



Q. 
X 



in CD 

CM -^ 



Q. CL 
X X 



in 

CM 



CnOiCNOCDCMOOOOCO 
O'^'-COCDinTTCM^ 
'^^•^ COiniDh-lD 



Ooocoin-'Tininin OOOinoinino mininnininino loininininooooo 



-^OOCO-^OlDCDCM 



OCNrrCDOCM^CD 



cMinin-^-^^rri^ 

CM CM "»- ^ 



Oco^OOoo'^O 

-^ CM "T- CM 



OOODZZZZ 



ODCor5cor5r)D 

CMOICNOJCNCMCMCM 



rODCOCOODCODCOCO 
CNCMCMCMCMCNOICMCMCM 



OCM^lDOOI^tD OCM^lDOOOCM'^tDOO 



OOUCJOUOO 
OQQQZZZZ 



OOOOOOOOOO 
OQOOOZZZZZ 



OOOOOOOOOOOOOOOO 0000000000000000 QOOOOOOOOOOOCOCO 00000000000000000000 

I t I I I I i I 
r^l^f^h-lDlDlPlD 
OOOOOOOO 



i^r^t^r^r^r^t^r^ 



III! 

t^t^I^r*>lptDlDlD 
OOOOOOOO 
I I I I I I I t 



i I I I 

CNCMCMCMCMCMCMCM CMCMCNCMCMCMCMCMCMCM 



I I I I i I I I I t t f I i I I I I 

OOOOOOOOOOOOOOOO oooooooooooooooocooo 



237 



a 

D 

L 
O 
\ 
(n 
0) 

o 
(1) 
a 
I/) 



15 

D 
C 



C 

o 
o 



T5 

C 
0) 

a 
a 

< 






(0 (Q 

•H > 

O C- 

K (0 






1/5 

Z 



to 

C/) 



QQ 



0. 



Q 



a. 



s 
m 








a 




E o 


(n 


0) 


s. 


K 


0) 




4J 


4-» 


Q) 


a 


E 


Q 


(C 




L 


(0 


(0 


4J 


Q. 


«/5 


(» 


,. 




o 


a 




E 




(0 




CO 


0) 



(0 

o 



oooooooo oooooooo oooooooooo 



ooooooo^ 

CM 



OOOOOOcon 
n n CM 



CM^0000'«TC0O)CO 

ncoQ'-inOtPO 

•r- -^ -^ "^ CM CM 



X 



O 



o 


00 n 


tP^COCO'«5-0OGDCP 


CO 


CO cs 


'^ooo'-inocoin 

^ T- «.- ^ CN! — 



O r- 

CM 

CM 



COCMtDOOtO-^COO) CDOtOmcOCDOU) 



X 



CO 



X 



CM 



Q. 
X 



•«- in 

CNJ CM 



t^COCMCD'^VD'«-rOO) 
CM<X)(DCN^C0'^C0O 
CM 1- CP -r- CM ^ <i) 



(PCMtP^COCDOU) 

cN0)'r-rr>«-inO0) 



coOOcoinininO OOOOcmOOO t^h-r^r^r^OOOOin oa)coO"^inir)cM 



CMCMCMOCMOJCMCM 
CMCMCMCNCNCMCMCM 



Oco-^OOoonO 

— CM -^ CM 



^ 1 1 1 1 1 111 1^1 n f I ^ t n ^ III 
OQQQZZZZ 



rr^Tj-^cocococo 

CMCMOiCMCMC^OJCN 



COCOCOCOCOCOCOCOCOCN 
CMCMCMCMCNCMCMCNCMCM 



rfCOCOCOTTCOCOCO 
CMCMCNCMCMCMCNC^ 



OCM'^tOOCM^tO OCM"«1-«)00OCN^VPC0 OCM^tPOCM^tO 



CJCJOC30C5C5C3 
OQQQZZZZ 



IIXIIIIIIX 
QQQQOZZZZZ 



OQQQZZZZ 



00 00 00 00 00 00 00 00 


00 00 00 00 00 00 00 00 


00 00 00 00 00 00 00 00 00 CO 


00 00 00 00 00 00 00 00 


CMCMCNCMCMCMCMCM 


CMCMCMCNCOCMCSCM 


CMCMCMCMCMCMCMCNCNCM 


CMCNCMCMCMCMCMCM 



I I I I 



i i i I 



I i 1 



0000000000000000 OOOOOOQOOOOOOOOO 00000000000000000000 OOOOOOOOOOOOGOOO 



238 



"0 
0) 

D 
C 



o 



T3 

C 
0) 

a 
a 

< 



in 

a 

D 

o 
a 

(0 
0) 

o 

0) 

a 
to 



(0 



,. 





(0 


(0 


+J 


> 





L. 


t- 


(0 




-J 









in 



to 

Z 






CO 






Q 



oooooooo oooooooo oooooooooo oooooooo 



> 



I/O 



00 





a 






E 


U 


(0 


0) 




L. 


h- 




0) 






4-* 




■H 


0) 




a 


E 




Q 


<0 






L. 




(0 


<0 




^-^ 


a. 




i/> 


0) 




,_ 






o 


a 






E 






(0 






tn 




0) 



O 



O'^OOOOOOO 



oooooooo 

CO 



otDOooooooo oooooooo 



CO 



CO O O O in in IT) O O O O O CO CJ3 CD in in O O O O to in in in ^ O O O O co oj oo co 

2SlSi;S5^S^5^ ooqdcooocooo ^oioddoeoooooooco dddooocoooco 

OOO^OOOOTfO OOi'^iDOOlrtiD OCMTtCDoOOCN'^tPCD OCOTtOOOO'^O 

^^^36^55^ OCJOOOCJOO QQQQOQQQQQ ujuJlULUUJLuajUJ 

QQQQZZZZ QQQQZZZZ QOQQQZZZZZ QQOQZZZZ 

tooocococoooooa) oooooooooooocooo ojcoooooSSSSSS SSSSSSS® 



C^CMCMOICMCMCNCM 



i I I I 



I I t I i I I t 
oooooooococococo 



t I I I I I I 

oooooocococococococo 

"•-•^•r-f-^CNCMCMOJCg 

I I t ( I t 



I t I I I I i 

COCOOOCOCMC^CMCN 
t I i i I 



oooocooooooooooo 0)0)0)0)0)0)0)cn 0)0)0)QO)cno)oio)CD 05cdo)o>o>o)0)0) 



239 



a 

D 

L 
C5 

Qi 

O 
(D 

a 



T3 
0) 

C 



C 

o 



T3 

C 
0) 

a 
a 

< 



0) 



(0 (0 

-H > 

O L. 

I- <0 



t/1 

z 



to 



QQ 






O 



Q. 

> 



a. 





Q, 




E U 


w 




L 


»- 


0) 




■H 


•♦-» 


0) 


a 


E 


o 


«J 




c 


(0 


(0 


■H 


a 


(/) 


0) 


,„ 




o 


a 




E 




(0 




(/) 


0) 



(0 

o 



oooooooo oooooooooo oooooooo oooooooo 



inOOOOOOO 
in n 



COOOOOOOOOO 



t^OOOOOOO 



oooooooo 



in 
in 



O 

CO 



r- O 

■^ CO 



O 

CO 



COCOCOI^TJ-TJ-^CN CNOOOinnCMCMCM-^ 



0000)0)0)0)0) 



00000)0)0)0)0)0) 



inoocoioinmin 

0)0)0)OOCOOOOOOO 



OOl^VDOC^^lD OcarriOOOOCM^CDOO OOt^iOOOtrfiO 



oooozzzz 



IIXXXIXXII 
QOQQQZZZZZ 



aaaa'Z'Z'Z'z 



OOOOCOCOQGOO 



OOOOcocooooo 

CMCMCMC^'^"»-<r-^ 



OoO"^OOoo^O 

"»- C>4 '•-CM 



oooozzzz 



OOOOOOOOCDOOOOOO OOCOOOOOOOOOGOOOOOOO 0000000000000000 oooooooooooooooo 



I I t t 
00000000C>lCNtC>4OJ 
'^'•-'-'-CMCMCMCM 

r I t I I I I I 



I I I I i I I i I I 

OOOOQOOOaOOiCMCNC^Oi 
<.-^^T-^CNCMOICMCM 

I I I I I I I I I I 
0)0)0)0)0)0)0)0)0)0) 



OOCOflOOOCOCOCOCO 
^^^^CMCMCMCM 

i I i I I I I I 



I 



I I I I I 



OOOOOOOOCMCMOIOI 
•^'-'-"-CMCMC^OI 

I I I I t I I I 



240 



£- 








0) 








■M 


«r- 






(0 








3 










0) c 




C 


•^ 







Q) U. 






Q 




■M 







0) 


(Q 






0) 


4-" 


(0 


T3 (/) 


(0 


Q) 


C 






T3 


<0 




II 



U 


/-*^ 


CN 


<0 




u. 


00 


•M 


W 




0) 


LO 


(D 










CQ 




... 


U 




> 


•H 


0) 


» 


c 


r 


a 


< 


(0 


0) in 




0) 


•^ 








c 





r 


r 




4-' 


u 





II 




(0 






0) 


0) z z 


c 


13 










0) 


. 


"D 


■H 


^ 


> 


c 


(0 


(Q 


(0 







-1 -D 


a 


T3 






(fl 


0) 


C 


II 


0) 


•H 


£. 




i. 


o 


0) O 


L. 


0) 


•H 







r— 


(n 


» 





r— 


(0 T3 







0) 





CO 


o r 




5 




v 


t- 




<D 


D 


(D 





(0 





a Q) 


> 


m 




a 


s. 




r~ 


« 


<0 


- 


0) 




r-> 


(0 


t— 


L. 




(0 "0 





T3 


0) 




14- 


C 
<0 




ii 


CM 


en 


>Q 


0) 


0)T3 






0) 3 


• • 


S 


0) 


•M 


c 


(Q 




w 


(0 


H- 


r 




0) 




U) 


+* 


> <D 


•t- 


c 




(1) 


«>- 


(0 


• 


1/5 






> 




c 


a 


(0 









•D 




M- 


^ 




3 







. 





y-*s 


r 


•H 


rt 


o 


•H 




E 




c 


(D 




c 





O 


o 


•*- 


E 


(0 


Q 






«♦- 


o 


to 


II 


L. 


1— 


c 




3 


\ 


0) 


0) 




•»- 


4-» 




d 


■H 


(0 


11 


c 


(D Q 




^^ 


(0 




O 


tn 






. 


0) 


.'-N 


(0 


(n 


T- 


Q^ 


c 


L 


•H 







0) 








•H 


(0 


3 


4-» 


0) 


c 




(0 


E 


0) 


• 


u 




O uu 





C 






— 


•^ 




X 


c r 


(D 







-♦J 




. 




a 


X C3 


«M 


Q) 






(0 T3 


"5 


> 


-4-* 




C Q 


(n 


II 


0) 








a 


. 


t. 


+^ 


aa 





a 


< 


w 


«*- 


Q 



01 

a 

3 
O 

o 

(/) 
0) 

o 

0) 

a 



tn 
0) 



r_ 


0) 


(0 


<0 


4-» 


> 





:. 


1- 


(0 




-1 




d 




to 



z 



I/) 
I/) 



OQ 



Q. 



Q 



Ql 



> 



10 



in 





a 




E o 


(0 


(U 


£- 


K 


0) 




'¥* 


+> 


Q) 


a 


E 


o 


(0 




£. 


(0 


<0 


<*j 


CL 


in 


Q) 


,^ 




o 


a 




E 




«J 




00 


0) 



(0 

Q 



oooo oooo oooo oooo oooo oooo 



0) O in Tj- 

"^ ^ CO 

oi on 



OOOO OOOO 



OOOO 
ID 
CO 



OOOO 



CO ^ 0> O 
m "^ n 
n to -^ 



OOino ^oiO"^ 
in r^ 00 in to r- 
ID CM O O -^ O 

-r- ••- CM CM 



00 
0) 



X 



O 

ID 



in 

CN 
CO 



00 ^ O) 
CO Tf CO 
CO ID -^ 



in in 

CN t^ 
CO CM 



00 CO in in 
o> 0) in in 



CO CO o O 

O O 00 00 



in in tn i:) 

fXi Q) {^ KO 



^ ^ in in 

CD tD CO CO 



CO CO O O 

^ -^ "^ ^ 



CD CD in in 
^ rr CO CO 



CO Tf CO CO 

"^ in cj) en 
CO -^ in 



O 0) 

en r^ 
in in 



"- in ^ rj- 
r- o CO cj) 

CN CD -^ CO 



f^ r- CJ) 0) 
(55 C7) in in 



OOOO oooo oooo oooo oooo oooo oooo 



<<<< 03030000 U.U.U.LL <<<< QQQQOOOQ U.ULU.U. 

oozz oozz oozz oozz obzz oozz 



CM CN CM CM 
00 CO 00 CO 



C^ CM CN CM 
00 CO 00 00 



CM CN CN CM 
CO 00 00 CO 



CM CM CM IM 
00 00 CO 00 



CM CM CN CM 
CO CO 00 CO 



CM CM CM CM 
CO CO 00 00 



< < < < 
Q Q Z Z 



CM CM CM CM 
00 CO CO CO 



CMCMCOCO CMCMCMCM CMCNCMCN 



^t^'t "^'^^'^ 'i-'^rr^r inininin inininin inininin cdcdidcd 



241 



w 

0) 
D 



^ 

(Q (0 
•H > 
L 
K (0 


1771 
2654 
1375 
1376 


0) 

00 


1191 

751 

1084 


125 
2499 
2660 
2040 


639 
1146 
8723 
4330 


32760 

31057 

1698 

1452 


o ^ o o 


-^ CO O O 
U) ID 



(0 


(D 




1^ 
JD 






CM CM 







V) 

a 

D 
O 
L. 
C5 
*^ 
Vi 
0) 



a 

l>0 



in 

z 



in 

lO 



03 



0. 



o 

"3 



Ol 



0. 



in 



C 



C 

o 



c 

0) 

a 
a 

< 



to 

;. 
0) 

■H 

0) 

E 
<0 

L. 
(C 

a 



a 

E 
(0 
00 



cDO^n OOcoo ooinoi 

CM'st'^ CMC) •»-0'^ 

-.-COOO 0)*^ '-CMID 

^ CO 



o o o o 



O O O '- 

CNJ 



O O CM CO 
ID "^ t^ 
ID Ol ID 



o o o o 



X 



0. Q. 
X X 



CO 


0) 


TT 


CM 0) 


CO 


^r- 


o 


CO CO 




"^^ 


CM 


ID tn 
in CM 



ID 



CO CO ID CO 

in o O -^ 

CM ID CO ID 



Q. 


CM 


00 00 


CSJ 


CO 0) 


m 


r^ ^ 


O in 


O t** 0) r- 


CO 


in 


00 in 


■»- 


CO ^ 


CM 


C^ CM 


cN in 


CM CM rr -^ 




CM 


(D "^ 


"^ 


CO CM 


•^ 


CD CM 


r- O 


^ r^ 00 CO 



-J 
< 


1266 

2051 

229 

305 


561 

1191 

418 

585 


2380 

1023 

612 


639 
1146 
1371 

736 


31640 

30330 

728 

484 


'St 


^ 00 
ID ID 




tn in C7) 0) 


^ ^ 0^ 0) 


CM CM CM CM 


OOOO 


CM CN in in 


in in in in 


in in o O 


0) 0) in in 


C7) 0) in in 


in in "t n 

CM CM CM CM 


ID ID "^ -^ 
CM CM CM CM 


in in n "<t 

CM CM CM CM 


CM CM ^ -r- 
Ol CM CM CM 


CM CM *- ■»- 
CM CM CM CM 


a 

o 


OOOO 


OOOO 


OOOO 


OOOO 


OOOO 


OOOO 


OOOO 


(0 

in 


QQ OQ CO 03 


u. u. u. u. 


< < < < 


123 QQ QQ CD 


LL. U. U. U. 


< < < < 


CQ 00 QQ QQ 


o 


O Q Z Z 


Q O Z Z 


Q Q Z Z 


O O Z Z 


Q Q Z Z 


O Q Z Z 


Q O Z Z 


o 


CM CM CM CM 
00 00 00 CO 


CM CM CM CM 
00 00 00 00 


CM CM CM CM 
00 CO 00 00 


CM CM CM CM 
00 CO CO 00 


CM CM CM CM 
CO 00 CO 00 


CM CM CM CM 
00 CO CO 00 


CM CM CM CM 
00 CO 00 00 


t^ l^ ID CO 


t^ f- ID ID 


Oi 0) C3) 0) 


^ ^ U) (Ji 


Q^ (J) (Ji Ui 


OOOO 


OOOO 


1(11 
CD ID ID ID 


lilt 
ID ID (i) ID 


1 1 1 1 

p^ t^ p* fs. 


1 i t 1 
t^ r- r^ h- 


1 1 1 1 
t*» t^ t^ f^ 


1 t 1 1 

00 00 GO 00 


1 1 1 1 
00 00 00 00 



242 



0) 

3 
C 



C 
O 

o 



T3 

C 
0) 

a 
a 

< 



tn 
a 

3 
O 

L. 

o 

"\ 

(n 

Q 


0) 

a 

CO 



0) 

0) 
E 
(0 

Q. 



a 

E 
(0 
00 



01 



>— 


0) 


(0 


(0 


•H 


> 





L. 


K 


(0 




-J 




u 




UJ 



z 



in 
en 









Q 






en 



Q. 

in 



a 

E CJ 
0) 



a 
o 



(0 

in 



(0 

a 



oooo oooo oooo oooo oooo oooo oooo 



-r-cM-r-o oooo oooo oooo oooo oooo oooo 

t^ t^ CM 



f- CN -^ 

t^ t^ CM 

CO 



rj^cMCM cooocfiiD cooocNcg u^incoco 



CN CM "»- "^ 
CM OJ CM CM 



n CO CM c^ 

CM CM CM CM 



n CO CO CO 

CM CM CM CM 



CO CO CM CM 
CM CM CM CM 



CO CO CO CO 

rr ^ CO CO 



00 00 ^ T 
rf ^ CO CO 



00 CO O O 

^ rr rr rj- 



oooo oooo OOOO OOOO OOOO OOOO OOOO 



CQQQODQQ U. U.U.U. 



QOZZ OOZZ OOZZ OOZZ 



<<<< 00030003 
OOZZ DQZZ 



CM CM CM CM 
00 00 00 CO 



CM CM CM CM 
00 00 CO CO 



CM CM CM kN 
00 CO 00 CO 



CM CM CM CM 
CO 00 00 00 



CM CM CM CM 
00 CO 00 00 



CM CM CM CM 
00 CO CO 00 



OOZZ 



CM CM CM CM 
GO 00 00 00 



OOOO cororon rocncoco n n n n -^-^cmcm -»--^cmcm -^-^cmcm 

till I I I I lilt III! till I I I I I I t I 

00000000 o) a o) 0) o^ooo oooo) OOOO OOOO OOOO 



243 



to 
a 

D 
O 

t. 

(0 
Qi 


0) 

a 



13 

C 



C 

o 



T3 

C 
0) 

a 
a 

< 



en 

I. 
(D 

•H 

Q) 

E 
CO 

£. 
<0 



a 

E 
(0 



(0 

C3) 



^ 0) 

(0 (0 

•H > 

O £- 

K (0 



O 
0) 



z 



I/) 
c/) 



Of 

QQ 



Q. 



a 









a 
E o 

0) 



a 
o 



(0 



CC/ 
Q 



oooo oooo oooo oooooooo oooooooooo 



oooo oooo oooo 



Op-OOOOOO 



oooooooooo 



CM 



00 00 '^ «»- 
^ ^ CM Oi 



in in CO w 

6 6 0) 0) 



IT) ID -^ -^ 
6 O 0) 0) 



oooooooo 
r»ir)Lninu)cp(0(p 



cM"^'-'^Oi**oococoin 
(Oininmincpintniotf} 



OOOO OOOO OOOO OCMrrtPOoi^cD OcM'^coooOcM-^tDoo 



< < < < 



OOZZ OOZZ ODZZ 



CM CM CM rg 
CO 00 00 00 



O O 0^ 0) 

-r- T- O O 



CM CN CM CM 
00 00 00 00 

i t I I 
O O (7) 0) 

- -^ o o 

lilt 



04 CM CN CM 
00 00 00 00 



0)0) 

-^ -^ o o 



oooooooo 

OOQOZZZZ 



OICMCMCMCMCMCNCM 

oocooooooooooooo 



rf^TTTT^^^^ 



OQQQOOQOOO 
OOOOOZZZZZ 



CMCMCMCMCMCMCMCNCMCM 
00 00 00 00 00 00 00 00 00 00 



^^^^'^^^'!T^'«r 



rr^^rr^rr-^rr 



^^^^rrrrrr^'?T^ 



244 



a 

D 

L. 
(3 

(0 
0) 

o 

a 



"0 

D 
C 



C 

o 
o 



T3 

C 

a 
a 

< 






,- 0) 

(0 (0 

•H > 

£- 

K CO 



z 






00 






a 



to 








Q 






E U 


en 


0) 




J- 


H- 




0) 






•H 




"f' 


Q) 




a 


E 




o 


(0 






i- 




(0 


(0 




4-' 


Q. 




in 


0) 




,«. 


^>- 




D 


a 






E 






(t 






t/1 




0} 

o 



oooooooo oooooooo oooooooooo oooooooo 



oooooooo o-^oooujoo oooooooooo oooooooo 
CO in 



(0 

in 



ininininina)0)in 



Ooo-^OOco^O 

•^ CN -^ CM 



Or^r^r^CM"»-"-oo 



cocorocor^ininininin 



ooininininininin 
in^Tj-^cDininin 



OCM^QOCM^q-tP OC^J^IPOOOCS'TIDCO OCN^lDOCMrrtO 



UJUJUJUJUJUJLUUJ C5C5C5000 0CJ IDIIIIIIIXX 
QQQQZZZZ OQQQZZZZ OCiQOQZZZZZ 



CNCSCNCNCNCNCMCNJ 
OOGOCOCOCOGOOOGO 



^^^g-TTrrTt^rf 



CMC4fMCNCMCMCNCM 
OOOOCOCOCOOOCOGO 



^^^"^ciDnc^ 



rtrfrtvtrtTtrtrf '^Trtrf'^^Ttvtrf 



CiCJCNCNCMCNCMtNCNCM 
OOODOOCOOOOOCOCOGOOO 



'^'^t'Ttrrrrnnnnn 



^rrrtrrrt^rfrtrtrt 



OQQQZZZZ 



oooooooooooooooo 



^^'^Trrrrt^rr 



'T'^rr^'T^^Tr 



245 



(0 

a 

3 
O 
L. 
(3 
"^ 
U) 
Q 

O 
0) 

a 
in 



13 

3 
C 



C 

o 
u 



c 

0) 

a 
a 

< 



0) 



^ 0) 

•H > 

O £- 



Z 



to 



QQ 



CL 



a 

-3 



to 



a 
t/i 





a 




E (J 


w 


0) 


(. 


♦- 


a 




•«-' 


•H 


0) 


a 


e 


o 


CO 




(. 


(0 


«J 


4^ 


0. 


t/) 


0) 


^. 


f— 


o 


a 




E 




(0 




CO 


0) 




•H 




(Q 




Q 



oooooooo 



oooocc^o 






D 



OOOOOOOt^ 



OOO^OOOin 

CO Tf 



OOOOOOOOOO OOOOOOOO 



OOOOOOt^U)Ooo 



OinOOOOOO 

CM 






CO 



in 



cx> 


CO 


m 


in 


n 


CM 



cMinininoooin t^ooininncoo o^^"^cMOOOOflo cocMCMinoooco 

COCOCOCOCM-^-'-'^ CMCNCM-^CMCNCMCM in^rr^TrCM'»-'^''-0 CMCOCOtDCM'^'-t^ 

OCO^OOCO^O OCM^CCOCM^ID OCM^OCOOCM-ttOOO OcO"^OOeo^O 

•^CM'T-CM ^CM-^CM 

3^3^^^^3 cjooucjcjcjo ooooooqooo ujujoiujujuiujuj 

OOOOZZZZ OOOOZZZZ OOOOOZZZZZ OOQOZZZZ 

CMCMCMCMCMCMCMCM CMCMCMCMCMCMCNCM CNCNCNCMCMCMCMCMCMCM CNCMCNCMCMCMCMCN 

OQOOCDCOOOCOOOCO GOOOOOCOCOGOOOCO OOOOOOOOOOCOOOCOOOOO OOOOOOCOCOOOCOCO 

I I I I i I I I i I I I I I I I I I t I t I i I I I I I I I I ) I I 

rTrrrrrtnnnn ^^^^^^^^^ ^^^^^^^^^^ «»-«.--r-^0000 



I I I I i I I i 



t I i t I I I I 
inininininininin 



I I I I I t I t I t 
inininininininininin 



t t I I I I I i 
ininininininintn 



246 



a 

3 
O 

L. 

o 

VI 
Q) 

U 
0) 

a 
to 



D 
C 



C 

o 
u 



c 

0) 

a 
a 

< 



in 



^ 


0) 


(0 


(0 


4-' 


> 





IL 


K 


<0 




-J 









(0 



z 



in 



a. 
m 



a. 



a 



Z 
Ul 



to 





a 




E o 


tn 


0) 


L 


f- 


Q) 




•H 


v 


0) 


a 


e 


a 


(0 




£. 


(Q 


(0 


-H 


Q. 


t/) 


0) 


,. 


»— 


Q 


Q. 




E 




(0 




to 


(1) 



(0 

o 



oooooooo oooooooooo oooooooo oooooooo 



oooooooo 



ooooinooooo 

CO n 



-^ en r^ CO <N ^ 



OCMCDt^OOOO 
CN ^ "^ 



cs to t*- 

CN ^ "^ 



O 
CO 



CO — to CO CD -r- 

0) CM CO r* 00 00 

-^ CO CO CN -«3- 



in 

CO 



in 

CO 



CM 
00 



CMOO-^OOOO •^o4CMCMOr^ininino inininininr^r*-o inoooinoooo'^ 

COCOCOCMCOCOCOCO COCMCMCMCMCMCMCMCMCS CO'^'»-'^COCNCMCM CNh-t^tOOOJOtO 



OCM^tPOCN^tD OCMTr;CflOOCM^tPCO 



C5CJC5C3C5C3C5C5 
QQQQZZZZ 



CMCMCMCNCMCMCMCN 

oooooooocooooooo 

t I I t t I I I 



IIIIXIIIII 

ooooozzzzz 



CMCMCMCMCWCMCMCMCMCM 

oooocoooooxoooocooo 
1 I I I I I I I i t 



OCM^tDOCMTTtP OOO^OOCO^O 
^ CM -^ CN 



QOaOZZZZ QQQQZZZZ 



CNCMCMCMCMCMCNCN 
QOOOOOOOOOOOOOCO 

I I I 



CMCMCgCMCMCMCMCN 
OOOOOOOOCOOOOOOO 
I t t I I 



t I I I I I I t I i t I I I I I I I i I I I I I i I I I I I I t t I 

inininminininin ininmininininininin intninininininin inininininininin 



247 



a 

D 
O 

o 

(0 
0) 

o 

0) 

a 

CO 



w 

O) 



^ 0) 

(0 (0 

+- > 

O £- 

h" (0 



to 

Z 



to 
t/1 






a. 
u 



-0 



z 

to 



Q. 

to 



•0 
0) 

c 



c 
o 
(J 



c 

0) 

a 
a 

< 





a 




E o 


w 


0) 


t. 


K 


0) 




•H 


4^ 


0) 


a 


E 


o 


(0 




£- 


(0 


(0 


4-» 


a. 


C/9 


0) 


,. 




Q 


Q. 




E 




<0 




to 


0) 




+> 




(0 




Q 



IPOOOOOOJO oooooooo oo oooooooo oooooooooo 



t^t^O'^'^nntn coOOCNcotPOO Ooo 



COtDCOCOCMCM"^rr 



cscoino)rjncMO)OcN 



to 



a. 

X 






CL 
X 



in 

10 



a. 

X 



in r* 

0) "^ 



X X 



in 00 



CL U 
X 3 



00 



0. 
X 



o 



CL 
X 



CD 



CL 
X 



0) r^ 

•^ CM 



0) i^ 

CO CM 



t*- O CD "^ CN t^ 0) 

O t^ n CM o CO -r- 
co in 



CM -^ CM in 00 

TT 00 "^ in o 

CO *" D 



cotpt^intcrooio 
roincocM'^'^cM'^ 
CM -^ «»- 

CM 



CM 
05 

CO 



in 0) "^ 0) 'T r* t*- 
r*. r* CM t^ in in o 

^ CO 



^ ^ f^ ^ 



CO 

in 



CN to r* in o 0) 
IP ^ in r^ CM 00 



0) O 



coOtDintDooinn 
^^■^-ooocnoi^ 
CM CM in "- 



r*inincMO)cocot^ 
(j> to (P 0) in in in*^ 



00 to 00 ^ o CD to 

-^ ^5" CO CO CM CM 0) 



05 



CM 
CO 



CM P* O) t** O) 

in ^ "^ in ^ 



h'rr-^CM cMOOco 
•^oointo r-'-'^io 

•^ •»- CM 



cocMTtcNCMtoininin oo 
inincooo)CM«^TTco o) 

^'sr-^O 0)COCMCM 



OinininoO'a'rr^ o 
0)(ototocMooLninin cm 



ooinr*cMino)r»-p^ 
0)totocor^toOO) 

'^'«3'C0OC0t^''-00 

-•- ro -r- CM "^ CO '- 



Ot^t^cMooh-t^in 
ooinininto^"<t^ 



CDCO-^CO t^C00)O 
COt^-^CM Ooo^^ 
CM in CM CM CO in -^ 



CMOOOOOOOOin 
h'tototocMtoininincM 



OCM^tOOCMrj-tO OCM^^tOOOOCMTTtO 



OCM^lOOCM'trtO OCMrrtOCOOCMTj-tOOO 



UOOUOUOCJ 
OOQOZZZZ 



CMCMCMCMCMCMCMCM 
OOOOOOflOCOOOCOOO 



oooooooao o 

OOQOOZZZZ Z 



0ICM04CMCMCNCMCMCM CM 
000000000000000000 00 



oooooooo 

OOQOZZZZ 



CMCMCMCNCMCMCMCM 
0000000000000000 



IIXIIIIIII 

ooooozzzzz 



CMCMCMOICMCMCMCMCMCM 
00000000000000000000 

I I 1 I 



(otototototototo cototototototototo 



tototptototototo tototocototototo^oto 



I t t I I I 



tOtOlOtOlOtOtOtO (ptOtOtOtOtOlOtOtO to tOtO(OtOtO(0(0(0 (pU)tOtOtOtOtOtOtO(0 



248 



05 



'- 0) 

<0 (0 

■H > 

O t. 

K <0 



U 
(0 



cn 
a 

o 



(0 
0) 

o 
a 

00 



uo 

Z 



to 



CO 






Q 



t/) 



00 



T3 
0) 

D 
C 



C 

o 
o 



"0 

c 

0) 

a 
a 



0) 

E 
(0 

(0 



E 
(0 

cn 



a 
E o 

0) 



a 

o 



(0 



(0 
Q 



000000)00 
'»- CN CN 



OOOOOiDCNO 
in 



-^ooooinoooo 

CO "^ 



iDcMcNoocooiOin ooioooO'^CJJ'^eN tocorocNOocN-^coo 

CNrr^'»-'»-OC*3CN -^ O n C4 -^ n "^ I^OOtCf*' t^ot^co^ 

O)"^nr«-cocoin^ ^^^ ^^-^cm -^ oitpi^-r- 

CN cn CN CN CN '- 



OOOOOOOO 



r^iDinoointooo 

tP CM CM CO rt 00 o 

-^ -r- o cn t^ o 
CM -^ -^ 



CO ^ CM 

CN -^ r^ 

CM 



CDi in 



X 



X X 



a, 

X 



CL 
X 



CM O t^ in 
cn cn CM ▼- 



0) t^ O 

5r- ^ CN 



cMin(j)cn'^(j)ooo 

t^OOCn^OCMlpCN 

CO 0) in cn CN 



00 -^ "^ O 
•^ r* cn (x> 



O 

CM 



cno^cn-'-cMO'^in 
incNOt£>cM0)0)O 
00)coiDO)"^cncn 

CN -^ -^ CM 



t^inininoocNCNoo 



P- o 
CM cn 



CO CD 00 0) tn n CM 
•*- n CO 00 TT tx) in 
^ 'sf cn CO en "^ 



CP 00 CO OJ 

r^ CO y) r>* 



00 CM -^ CO o 

•"a- 0) r^ CO Tt 
CM tf) r^ "^ 



r^ ID in 

CD CM CM 



CN rr o 

CO "- T- 



00 r^ h' 00 

"^ '^ CO o 

O n t** O 

CM -r- •>- 



inininoinooo OOOOinoininino Oininoinooo 



inT^cncncMcNCN 

OJCMCMCMCMCMCNCN 



CD^^'TCNTtCMCMCMO 
CNCMCMCMCMCMCMCNCMCM 



inTT^COTtCOCOCN 
CMCMCNCMCMCNCNCM 



OCN^lPOCN^tO OCMttCDOCMrrcP OCM^COCOOCM^CDCO OCN-^CDOCN^CD 



a a aazzzz 



CNCNCMCMCMCNCNCN 
OOCOCOGOOOOOOOOO 



CDCDCDCOCDCDCDr^ 



CDCDCDCDCDCDCDID 



UUUOOOUCJ 
QQQQZZZZ 



CNCMCMCMCMCMCMCN 
OOOOCOGOCOOOOOOO 



OOOOOOOO 

CMCslCMCMCMCNCMCM 



r*'t^r^r-t*.t*'t^r^ 



oooooooooo 
ooooozzzzz 



CNCMCMCNCNCNCMCMCMCN 
00 00 00 CO 00 CO 00 00 CO 00 

I I I I I I t I I t 

OOOOOOOOOO 

CNCMCNCNCNCNCMCNOJCM 
I I i I I I t I I i 



OOOOOOOO 

oooozzzz 



CMCNCMCMCNCMCMCM 

cooooocooooococo 



OOOOOOOO 

CMCMCMCNCNCMCMCM 



t^r^r^t^t^t^f^i^ 



249 



(A 

a 

D 
O 

L. 

o 

"^ 

(0 

o 
a 






,_ 





(0 


<0 


•f^ 


> 





t- 


K 


(0 




-J 









w 



to 

Z 



to 
to 



CQ 



u 



o 



to 



0. 

to 



0) 

D 

c 



c 
o 



T3 

c 

Q) 

a 
a 

< 





a 




E CJ 


(A 


0) 


t. 


»- 


0) 




•H 


V 


0) 


a 


E 


o 


« 




L. 


(0 


(0 


•H 


CL 


I/) 


Q) 


,. 


^- 


Q 


a 




E 




(0 




C/1 


Q} 




•frf 




(0 




Q 



oooooooooo 



if)ifiOOOnr^'-na> 
cp in -^ to t*- in t£> 

r3 oj -^ If) o) to CM 



OOOOtoco-^o^ 

CO 10 n 00 

'T- to to 



ooOoot^^oo 
en o CO ^ CM r- 0) 

CM "- CO (0 CO 



oooooooo o to o o o o o o o o 



O^-coOooOinO 
h-inco-'-to^coO 
CO rr «»-•»- CM CO '?r 



OOOOintoOcotoo) 

0)00 -^r^tocotoco 

•^ CO OT o 



a 

X 



C3 



in in 


h" t^ "^ CO CO 


00 O 0) 


l^ CM CO O 


O'^coO'Tinino 


O O 


in to O CM o 0) 


to in 


0) to r* in 0) 


CO o CO 


rr 0) in Q 


r^inco-^inofloo 


0) CO 


•»- r* to t^ in CO 


CO CM 


in CJ) to CM 


CM "^ 


CO in CO 


CO rr 1^ "^ -r- CO "t 




'^ CO C3) o 



OOOOOOOOOO inOOOOOOO ''-OOflOincococM -f-OOOi^cococococM 



in'^^'^cMrr'^'^'^co 

CMCMCMCMCMCMCMCMCM^ 



ininin-^cocMCMCM 

OJCMOICMOICMCMCM 



c^cococmcmcmNcm 
cmcmcmcmoiwcmcm 



COCOCOCOCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCM 



OCM^lOOOOCM'^tOOO OCM^tOOCMTttO OCMrfiOOCM^tO OCMrftOOOOC^'^tOOO 



IIIXIIIIII 
OOOQQZZZZZ 



OiCMCMCMCMOICMCMCMOl 
OOOOOOOQCOOOOOCOOOOO 



oooooooooo 

CMCMCMCMCMCMCMCM04CM 



f^r<»t^r^r^r^t^t*»h»r^ 



a a a Qzxzz 



CMCMCMCMCMCMCMCM 
OOOOOOOOQOOOOOOO 



000000-- 

CMCMCMCMCMCMCMCM 



t^t^t^r^t^t^h't^ 



CJOCJCJCJCJCJU 
QQQQZZZZ 



CMCMCMCMOICMCMPM 
COCOOOOOOOOOOOGO 



OOQQQOOQOO 
QQQQQZZZZZ 



CMCMCMCMCMCMCMCMCMCM 
QOOOOOCOOOCOOOOOOOCO 



22222222 2222222222 
I I I i I i I I I I I I I I I I t I 

OOCOOOCOCOOOOOOO OOOOOOOOOOOOOOOOCOOO 



250 



(0 

a 

D 
O 

L. 

o 

m 
Q) 

u 

0) 

a 
in 



13 

C 



C 
O 

o 



C 
0) 

a 
a 

< 



(0 



^ 0) 

(0 (0 

•H > 

O S- 

K (0 



U 

m 



C/5 

Z 






q: 
m 



Q. 



o 



>• 








Q 






E O 


(0 


Q) 




t. 


K 




0) 






4-* 




•H 


0) 




a 


E 




Q 


<Q 






£. 




(0 


(0 




•♦^ 


Q. 




I/) 


Q} 




^ 






o 


a 






E 






(0 






to 




0) 

(0 
Q 



oooooooo oooooooooo oooooooo 






in u) 



0. 
X 



a 

X 



X 



X 



cNt^inojcMinoo) 

^ «.- -r- <!- CM VD 



ooin-^cMOin^t^-'iTCM 
<i)coif)f^a)co<or*ooin 
-.- rr '!T (D Tt n 



cotDoiinOtPint^ 
<pooinr-r-'!rooo 

•«^ "^ "^ C^ CO 



Q. 
X 



COCDCNOOUJint^ 

tpoointDt^rrooo 



Oooir^Oininin o)coooooinco<x)cooof^ OOOO'^'-'^O 



rjcMoirjcM'^'-'*- 

CMCMCMCMCMCMCSCS 



CMCNCMCNICMCMCNCMCMCM 
CaCMCMCMCMCM<NCNO«CN 



COnDOCMCMOJCM 
CMCMCMCMCMCNCN04 



OcM^coOCMxrip OcNrrtpcoO<N^(pa5 Ooi^tPOcM^to 



CJC5C5C5CJC3CJCJ 

QQQQZZZZ 



CMCMCMOJCMCMCMOJ 
00 00 00 CD 00 GO 00 00 



XIIIXIXIII 
OOOGOZZ ZZZ 



CNCMCNCNrs«CNtNCSCNC>i 
COCOOOOOOOOOCOOOOOOO 



oooozzzz 



<NCNOJCM(NCNCM<N 
OOOOOOOOOOOOCOOO 



I I I I I 



OOOOOOOO oooooooooo oooooooo 



t I 



I t I t I 



OOOOOOOOOOOOOOOO OOOOCOOOCOOOCOCOOOOO OOOOOOOOOOOOCOOO 



251 



